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Forty three species and 13 “vegetative groupings” of maer ica visit 

algae are described from flowing water in the Yu River basin О равне 

eastern Australia. Species and subgencric vegetative groups from the Rhodophyta (189) ), 

Chlorophyta (5596), Chrysophyta (13%) and Cyanophyta (= Cyanobacteria; 14%) are re = 

sented. This first algal flora for the region includes keys, descriptions and habitat notes forall 

species described. Stream habitats are classified into 11 macroalgal communities, rangi 
from the CladophoralStigeoclonium community in eutrophic, alkaline, hard urban ке 
to the batrachospermaccous communities in oligotrophic, acidic mountain streams. The 

"potential" flora in each habitat depends mainly on temperature, pH, hardness and total 

nutrients, whereas the “expressed” biomass at any time depends on seasonal variations in 

temperature and light, and on the periodicity and severity of floods. The results of the Yarra 

River basin survey are generally similar to those of overseas studies, although there are some 

differenees in species composition. | 
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CATALOGUING and classifying stream com- 
munities of macroscopic algae in relation to 
physical and chemical attributes of waterways 
have been carried out in many river basins of 
Europe and North Amcrica (Blum 1959, Whit- 
ton 1984). In Britain, biological indicator spc- 
cies and communitics arc frequently uscd to 
assess stream pollution (Connor 1985). Major 
algal blooms resulting in significant dcgradation 
of waterways in New Zealand consist primarily 
of filamentous macroalgae (Biggs 1985). Such 
blooms arc unattractive aesthetically, reduce the 
value of rivers for fishing and swimming, 
degrade water quality by causing large diurnal 
fluctuations in pH, and clog watcr-intake piping 
(Biggs 1985). 

The terms “macroalgac” (macroscopically 
visible, usually filamentous, algae) or '*meso- 
phytes" (sensu Goldman & Horne 1983) are 
uscful labels for the group of freshwater plants 
dealt with in the present survey. Such organisms 
classically have been termed the “Confervae’’, 
and in the early days of Linnacan botany were 
regarded as “а natural family" (Dillwyn 1809: 
50). Although the ““Confervae” is now known to 
include representatives of several divisions with 
a diverse array of life histories and biochcmis- 
trics, it provides a convenient ecological unit of 
study. It includes algae distinct from thc phyto- 
plankton and microalgae, which require diffcr- 
ent methods of collection and preservation. In 
eighteenth century England, the Confervae were 
described as the “opprobrium of botany” (Smith 
1791: 34). Such freshwater algae in Australia 
today fare little better in the regard of most 
scientists. 

Prior to the survey of freshwater Rhodophyta 
by Entwisle & Kraft (1984) , over 60 years had 
elapsed since any significant records of 
freshwater macroalgae in Victoria had appeared 
in scientific journals. Most carly publications 
(c.g. Watts 1865, 1887; Hardy 1905, 1906) dealt 
only incidentally with the algae of rivers, and 
then only in the form of checklists of species. 
The inability to verify earlier Victorian records, 
due to inadequate preservation or description of 
Critical taxonomic characters, or lack of any 
vouchcr material, renders most of them suspect 
or worthless (Entwisle 1989b). Compared with 
the information currently available on the inver- 
tebrate and vertebrate fauna of inland waters 
(Bayly & Williams 1973), our understanding of 
the algae, particularly the macroalgae, is very 
poor. 

Although most species of freshwater macro- 
algac are assumed to be cosmopolitan, there is 


no onc source (or even combination of acccssi- 
blc sources) which can be used for identification 
of the Australian representatives. Since the 
1960s there have bcen many taxonomic rcvi- 
sions of freshwater macroalgal groups (e.g. van 
den Hock 1963 on Cladophora; Rippka et al. 
1979 and Drouet 1981 on Cyanophyta; Cox & 
Bold 1966 and Simons ct al. 1986 on Stigeoclon- 
iwm) which have resulted in the renaming and 
synonymizing of many specics. A critical evalua- 
tion of the morphological and habitat range of 
each taxon is also necded for each particular 
region; only the Rhodophyta (Entwisle & Kraft 
1984) and Vaucheria (Entwisle 1988) have 
received any contemporary taxonomic treat- 
ment in Australia. 


THE YARRA RIVER BASIN 


The Yarra River is over 200 km long, with its 
headwaters in the Great Dividing Range at alti- 
tudes over 800 m above sea lcvel, and its lower 
reaches in urban Melbournc. Its catchment of 
1200 km? includes forestry, agricultural and 
urban land uscs. The undisturbed highland trib- 
utaries are mostly soft, acidic and well-shaded, 
whereas those flowing through urban areas are 
hard, alkaline, and carry considerable nutrient 
loads (Victoria E.P.A. 1983). Turbidity is no- 
toriously high in the Yarra River itsclf and in 
somc of the major tributaries, but most smaller 
streams carry little particulate matter in normal 
flow. Thc substrata supporting macroalgae 
range from gravel and boulders (sensu Cummins 
1962) in most riffle arcas, to aquatic angio- 
sperms. 

Numerous studies have reported on various 
faccts of the Yarra River basin, including geo- 
logy (Jutson 1911, VandenBerg 1973, 
Rosengren et al. 1983), water quality (Scott & 
Furphy 1972, Consulting Environmental Engi- 
neers 1986, Victoria E.P.A. 1982, 1983) and 
invertebrates (Victoria R. W.C. 1985, Campbell 
et al. 1982), and there arc also many unpub- 
lished data on water quality and quantity. The 
rivers and streams of the Yarra River basin 
supply Melbourne with drinking water, recrea- 
tion facilities and waste drains (the objectives 
for water quality arc outlincd in State Environ- 
mental Protection Policy No. W-29, тадсапас! 
of parliament in 1984). The adjacent habitats 
range from protected, pristine forests to the 
second-most denscly populated urban region on 
the continent. The Yarra River basin, therefore, 
is an important region on which to base this first 
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floral and ecologieal 
macroalgae in Australia. 


study of freshwater 


METHODS 
Sampling 


Most algae collected were epilithic in riffles 
where the substratum rceeives sufficient light 
and the exchange of nutrients and wastes is 
adequate. Only plants forming macroseopically 
visible thalli attached to the substratum are 
ineluded in the survey (the smaller Oedogonia- 
ceae and Cyanophyta, for example, are 
exeluded). Most collections were from depths of 


Table 1. Sites sampled in the Yarra River basin. 


less than 0.5 m but intensive collecting in dceper 
water near Warburton and Warrandyte failed to 
produee any new reeords or to indieatc major 
ehanges in floral eomposition at greater 
dcpths. 

A total of 121 sites (Table 1, Fig. 1) were 
sampled at least twice, usually in spring and 
autumn during 1986-1988. The species were 
reeorded as present/absent or by using a semi- 
qualitative measure of abundanee (0 = absent, 1 
= isolated plants, 2 = not eommon, 3 = common 
and easily obscrved). Most populations eould be 
identified to speeies level or at least into vegeta- 
tive groups on the basis of field material, but 


Site Stream Name & Locality Universal EPA 
No. Grid Ref. — Strata* 
55H-) 
] Bushy Creck, Elgar Road CU342148 [7] 
2 Diamond Creck, Lower Plenty CU364217 [11] 
3 Diamond Creck, Eltham North CU370254 [11] 
4 Diamond Creek, Diamond Creck CU404327 [11] 
5 Diamond Creck, Hurstbridge CU404327 [11] 
6 Arthurs Creek, Arthurs Creck CU415388 [17] 
7 Arthurs Creck, Strathewen CU468427 [17] 
8 Diamond Creck trib., St Andrews North CU514419 [17] 
9 Diamond Creek, Mittons Bridge CU485385 [17] 
10 Diamond Creek, St Andrews-Hurstbridge Rd CU457364 [17] 
11 Merri Creck, Heidelberg Road CU242160 [6] 
12 Darcbin Creck, Heidelberg Road CU271168 [8] 
13 Merri Creck, Clifton Hill CU241150 [6] 
14 Sassafras Creek, Monbulk-Kallista Rd CU585058 [22] 
15 Sassafras Creek, Monbulk-Emerald Rd CU603058 [22] 
16 Yarra River, Kangaroo Ground-Warrandyte Rd CU433218 [3] 
17 Olinda Creek, Lilydale CU555197 [19] 
18 Olinda Creck trib., Mount Evelyn CUS65154 [19] 
19 Olinda Creek, Sylvan CU593138 [19] 
20 McCrae Creck, Yellingbo CU685138 [21] 
21 Cockatoo Creck, Avonslcigh CU678027 [22] 
22 Cockatoo Crcck trib., Avonsleigh CU654009 [22] 
23 Gardiners Creck, Ashwood CU337090 [5] 
24 Woori Yallock Creek, Warburton Highway CU689188 [22] 
25 Yarra River, Woori Yallock CU707187 [20] 
26 Yarra River, Warburton (East) CU845206 [23] 
27 Yarra River, O'Shannassy River junction CU928242 [25] 
28 MeMahons Creck, MeMahons Creek CU966265 [26] 
29 Fivc Mile Creck, Upper Yarra Reservoir Park DU005298 — 
30 Armstrong Creck, Recfton CU985298 [26] 
31 Starvation Creck, Warburton-Woods Point Rd CU942249 [26] 
32 Plenty River, Mernda CU326365 [17] 
33 Coranderrk Creck, Healesville CU716283 [21] 
34 Myrtle Creek, Healesville-Donna Buang Rd CU774257 [24] 
35 Yhan Creck trib., Donna Buang-Warburton Rd CU842252 [24] 
36 Cement Creck, Acheron Way-Donna Buang Rd CU859253 [26] 
37 Rocky Creek, Warburton CU862218 [24] 
38 Cumberland Creck trib., “Тһе Big Culvert” DU004424 [AR/O'S] 
39 Cora-Lyn Creck, Cora-Lyn Falls DU011423 [AR/O'S] 


6 . TIMOTHY JOHN ENTWISLE 


Table 1. Sites sampled in the Yarra River basin. 


АА СС 


Site Stream Мате & Locality Universal EPA 
No. Grid Ref. Strata* 
55H-) 

40 Cumberland Creck, Cumberland Road 00010425 [AR/O'S] 
41 Watsons Creek, Eltham-Yarra Glen Rd CU460292 [1 7] 
42 Steels Creek, Steels Creek CU568378 [21] 
43 Dixons Creek, Melba Highway CU595353 [21] 
44 New Chum Creek, Toolangi-Healesville Rd CU664375 [21] 
45 Meyers Creek, Meyers Creek Reserve CU693378 [21] 
46 Watts River, Donnelly Weir Rd CU705329 [21] 
47 Watts River trib., Maroondah Dam Reserve CU721328 [21] 
48 Dixons Creek, Yarra Glen raeeeourse CU575306 [21] 
49 Shepherd Creek, Gembrook-Launehing Plaee Rd CU734016 [21] 
50 Clark Creek, Gilwell Park Reserve CU747024 [21] 
51 MeCrae Creek, Ewart Park Reserve CU765061 [21] 
52 Hoddles Creek, Gembrook-Launehing Plaee Rd CU759144 [22] 
53 Little Yarra River, Powelltown CU912082 [24] 
54 Little Yarra В. trib., Little Yarra Rd CU860095 — 
55 Darebin Creek, Darebin Parklands (north end) CU266176 [8] 
56 Darebin Creek, Kingsbury CU267232 [8] 
57 Darebin Creek, Epping CU264312 [8] 
58 Merri Creek, Somerton CU212314 [6] 
59 Merri Creek, Preston CU218206 [6] 
60 Yarra River, Upper Yarra Catehment (Rd 21) DU105250 [UPYAR] 
61 Thompson Dam outflow, Upper Yarra Catehment DU105252 — 
62 Yarra River, Upper Yarra Catehment (Rd 13) 00100252 [UPYAR] 
63 Yarra River, Upper Yarra Catehment (Rd 12) 00172235 [UPYAR] 
64 Clear Creek, Upper Yarra Catehment (Rd 31) DU068315 [UPYAR] 
65 Walsh Creek, Upper Yarra Catehment (Rd 65) 00051341 [UPYAR] 
66 O’Shannassy River, above O’Shannasssy Dam CU968316  [AR/O'S] 
67 Pieaninny Creek, Maroondah Catehment (Rd 1) CU732284 [MAREC] 
68 Slip Creek, Maroondah Catchment (Rd 1) CU748283 [MAREC] 
69 Blue Jaeket Creek, Maroondah Catehment (Rd 1) CU738282 [MAREC] 
70 Coranderrk Creek, Maroondah Catehment (Rd 26) CU819264. [MAROON] 
71 Watts River, Maroondah Catehment (Rd 27) CU830282 [MAROON] 
72 Watts River, Maroondah Catehment (Rd 7) CU845295 [MAROON] 
73 Watts River, Maroondah Catehment (Rd 27) CU845306 [MAROON] 
74 Watts River, Maroondah Catehment (Rd 4) CU786362 [MAROON] 
75 Contentment Creek, Maroondah Catchment (Rd 13) CU765360 [MAROON] 
76 Watts River, Maroondah Catehment (Rd 32) CU748347 [MAROON] 
77 Donnellys Creek, Maroondah Catehment (Rd 20) CU704358 [MAROON] 
78 Yarra River, Warburton (West) CU832204 [23] 
79 Ythan Creek, Yarra River junction CU833203 [24] 
80 Big Pats Creck, Smyth Creck Rd CU901196 [24] 
81 Mississippi Creek, Lays Traek CU926191 [24] 
82 Four Mile Creek, below La La Falls CU857190 [24] 
83 Yarra River, Millgrove CU816205 [23] 
84 Anderson Creek, Warrandyte Rd CU422205 [13] 
85 Mullum Mullum Creek, Warrandyte Rd CU392200 [12] 
86 Ruffys Creek, Parker St CU345194 [10] 
87 Koonung Creek, Thompsons Rd CU309168 [7] 
88 Little Yarra River, Yarra Junetion CU759181 [24] 
89 Brushy Creek, Wonga Park CU493224 [15] 
90 Jumping Creek, Warrandyte-Wonga Park Rd CU451215 [14] 
91 Plenty River, Morang Sth-Yarrambat Rd CU326313 [9] 
92 Fir Tree Creek, Gladysdale CU814127 [24] 
93 Stringybark Creek, Lilydale-Healesville Rd 6059725 5 = 
94 Yarra River, Healesville-Lilydale Rd CU667286 [20] 


95 Yarra River, Tarrawarra CU608307 [20] 
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Table 1. Sites sampled in the Yarra River basin. 


Site Stream Name & Locality Universal EPA 

No. Grid Ref. — Strata* 
55H-) 

96 Yarra River, Yarra Glen CU567304 [20] 

97 Yarra River, Homestead Rd (Wonga Park) CU488239 [3] 

98 Yarra River, Fitzsimons Lane CU357211] — 


99 Yarra River, Banksia St 

100 Yarra River, Dights Falls 

101 Plenty River, Wittlcsca 

102 Merri Creek, Merriang 

103 Morleys Creek trib., Black Spur 1 weir 
104  Morleys Creek trib., Black Spur 2 weir 
105 Morleys Creek trib., Black Spur 3 weir 
106 Morlcys Creek trib., Black Spur 4 weir 
107 Ettersglen Creck, Monda 1 weir 

108 Ettersglen Creek trib., Monda 2 weir 
Ettersglen Creek trib., Monda 3 weir 
Ettersglen Creek trib., Monda 4 weir 

111 Ettersglen Creck trib., Ettercon 1 weir 
Ettersglen Creck trib., Ettercon 2 weir 
113 Contentment Creek trib., Ettercon 3 weir 
Contentment Creck trib., Ettercon 4 weir 
Myrtle Creek trib., Myrtle 1 weir 

Myrtle Creck trib., Myrtlc 2 weir 
Running Creek, Masons Falls, Kinglake N.P. 
Plenty River, Greensborough 

Jacks Creck, Toorourrong Catchment 

120 Jacks Creek, “The Cascades” aqueduct 
121 Plenty River, Toorourrong Catchment 


CU305189 [3] 
CU237147 [3] 
CU 342470 
CU245500 
CU787387 [MAREC] 
CU786385 
CU785383 
CU785375 
CU 745405 
CU745404 
CU745395 
CU745393 
CU762408 
CU758404 
CU758390 
CU766400 
CU778401 
CU772392 [MAREC] 
CU445470 — 

CU332255 — 

CU380515 — 

CU430540 — 

CU380540 — 


*Numbers refer to strata delineated in Victoria, EPA (1982), except for AR/OU'S = Upper Amstrong and 


O’Shannassy Catchments, MAREC = Maroondah experimental catchments, MAROON = 


Catchment, UPYAR = Upper Yarra Catchment. 


some (Vaucheria, Stigeoclonium) could only be 
referred to genera. Most of thesc latter collec- 
tions were subsequently identified to species in 
culture. Physical and chemical data wcre takcn 
from Melbourne & Mectropolitan Board of 
Works (MMBW), Rural Water Commission 
(RWC) and Environmental Protection Author- 
ity (EPA) reports, and from unpublished 
sources. Temperature and general habitat char- 
acteristics were noted for all collections, whereas 
measurements of electrical conductance and pH 
wcre made sclectively. 


Culture conditions 


Most species were grown in modified “Pickctt- 
Heaps Diatom Mcdia (DM)" (Table 2), 
although the isolation of representativcs of the 
Rhodophyta and Cyanophyta was seldom 
attempted. The temperature was generally kept 
at 15°C but ranged from 13-20°C. Cool white 
fluorescent lights gave a photon irradiance of 


Maroondah 


50-100 jumol/m?/s, and the day:night cycle was 
16:8h. 


Preservation and observation 


Wet material was preserved initially in 590 com- 
mercial formalin. After permanent slides were 
madc, a mixturc of acetic acid/alcohol/glyccrol 
was addcd so that final concentrations were 
commercial formalin 1: distilled water 10: etha- 
nol 8: acetic acid 1: glycerol 1. This solution 
results in minimal plasmolysis and dissociation 
of cells in most algac, and thc glycerol hclps to 
prevent total dchydration of thc specimen. The 
30 mL screw top jars werc sealed with “Nesco- 
film". 

Chlorophyta were staincd with 10% Lugol's 
lodinc and mounted in 50% “Каго” corn syrup 
(with 0.2596 phenol), or in 1096 glycerol (with 
more glycerol solution added following cvapora- 
tion) and sealcd with nail polish. Rhodophyta 
and Cyanophyta were stained with 1% Aniline 
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Fig. 1. Yarra River basin showing the sites studied (see Table 1 for details). The approximate limits of urban 
(stippled line) and agricultural (dotted line) influences are indicated. 


Table 2. Modified Pickett-Heap’s Diatom Media (DM). 


Ca(NO3),.4H50 0.70 g 
KH;P0,.711,0 0.06 g 
Mg50,.7H40 0.20 g 
Trace Element Mix 5 mL 
Vitamin Mix I mL 
Soil Extract 40 mL 
“Micropore” filtered H,0 1000 mL 


Variation | (to induce sexuality in Zygnemataecae): 
l. Omit Са(мО;),.4Н,О and Soil Extract 
2. Add CaCl, 0.80 g 


Variation 2 (to grow Cladophoray. 
1. Omit 1/2 of Trace Element Mix 
2. Add NaHCO, 0.03 g 
3. Inercase amount of MgSO,.7H5O to 1.40 р 
4. Adjust pH to about 8 


Variation 3 (for species from sites with low conduetivity): 

1. Dilute media by 4-1/0 

The main nutrients were added from stock solutions, and 
with Trace Element Mix and Soil Extract were steamed for 3 
hours at 100°C. pH was adjusted to 6-7 with NaOH or НСІ. 
Vitamins were added before usc. 

Trace Element Mix (1000 mL): Na,B,07.10H,O 0.048 р, 
CuSO,.5H;O 0.025 g, CoCb.6H;O 0.024 g, MnCl,.4H,O 
0.015 g, ZnSO,.7H5O 0.029 g, (NH4)Mo704.9H,O 0.018 g, 
FeSO,.7H5O 0.028 р, N(CH,COOH), 0.191 р, МТА 20 mL. 
Made up according to guidelines in Stearn (1973: 36). 

Vitamin Mix (500 mL): Cyanocobalamin 2.5 mg, Biotin 
2.5 mg, Thiamine.HCl 500 mg. 
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blue (with 4% molar HCl), and mounted in 
“Karo” and glycerol rcspectively. 

A portion of most collections was air-dried 
on cellophane bags (pressed algal filaments on 
standard herbarium shcets can be difficult to 
separate from the papcr fibers) and filed in 
folded paper in an index card file. All voucher 
specimens and slides are depositcd in the Mcl- 
bourne University Herbarium. Thc suffix p.p. 
(pro parte) is added to the herbarium number 
where more than one macroalgal taxon is part of 
the same specimen. Herbarium abbreviations 
follow Holmgren ct al. (1981). 

Most plants were photographed from fresh 
ficld or culture material. *Nomarski" diffcren- 
tial interfercnce contrast was found to be useful 
for improving the definition of wall and chloro- 


plast shapes. 


Analyses 


The results (see Appendix) have bcen analyzed 
in two fundamental ways: as a function of indi- 
vidual sites, and combined into “strata” for 
comparison with the EPA watcr quality data on 
the Yarra River (Victoria, EPA 1983). It was dif- 
ficult to reconcile the records of gencra and 
vegetative groups with those of “real” spccies so, 
in most analyses, vegetative groups and gencra 
werc used when not all records of that group or 
gcnus could be identified to species level. This 
tcchniquc also allows the classification system to 
be field-based for case of later studies. The 
TAXON packagc of programs (on CSIRONET) 
was used to analyzc the data (Table 3). 


The NIASM program (Numerical Infor- 
mation Analysis, Singlc Multistate) was used 
successfully by Barson (1984) to analyze wetland 
data, as it is both agglomerative and polythetic. 
In this respect, it is similar to MACINF (Matrix 
Generating, Agglomcrative, Clustcring Infor- 
mation Analysis), also uscd for vegetation analy- 
sis (e.g. O'Bricn 1981, Williams & Ashton 1987). 
NIASM, however, is asymmctric and docs not 
use matching "zeros" to calculatc dissimilarity. 
Both methods were used on the binary data 
(trcating the binary data as a numcric for thc 
NIASM analysis) to comparc results. A two-way 
table was produced by using the distance meas- 
urcs MSED (Standard (squared) Euclidean Dis- 
tance) on species and MJAC (Jaccard Соећ- 
cicnt) on sites, both clustered with SAHN 
(Lance/Williams Sequential Agglomcrative 
Hicrarchical Non-overlapping Clustcring). 

The results were further studicd using the pro- 
grams GCOM (Group Comparisons), 
CRAMER (-Valuc), PCOA (Principal Co-Ordi- 
nates Analysis), and BACRIV (Back Correlation 
of Individuals on Vectors)(Ross 1986). Thesc 
techniques hclped to identify important distin- 
guishing taxa and chemical or physical paramet- 
crs, and to clarify relationships betwcen groups. 
The classification results wcre assessed visually 
using DENDRO (dendrograms) and TPLOT 
(plots). 

The EPA data werc analyscd with MCAN 
(Matrix using Canberra Metric) and SAHN. 
These programs uscd together permit manipula- 
tion of data of varying ranges, being scnsitive to 
proportional rather than absolute differenccs 


eee 


No. Individuals Attributes Values Masked! Analysis 

a NS‏ س س مس و ي ا 
sites species 0/1 — MACINF‏ 1 

2 sites speeies 0/1 — MJAC/SAHN 

3 sites species 0/1 various? NIASM 

4 sites species 0-3 physical data? NIASM 

5 strata species 0-1004 EPA data NIASM 

6 strata EPA data var.? species data MCAN/SAHN 

7 speeies sites 0/1 = MSED/SAHN 


! Some attributes can be masked and therefore would not be considered in the analysis (but eertain additional 
programs show how they correlate with the groupings). 

? Culture species (i.c. identifications to species level based on characters observed in culture) of Stigcoclonium, 
Осаовотит and Spirogyra (since most populations were sterile); Vaucheria sp. (since most species beeame 
fertile in culture); and Schizothrix friesii (which may include a number of ecophenes). 

? Include temperalure maximum and minimum, urban/agricultural/forest at site and upstream, approximate 
altitude, stream order). 

* The frequency of occurrence of each species in a stratum was calculated from the presence/absence data and 
equals the number of sites present divided by the total number of sites in a stratum, times 100. 

5 Variable depending on the parameter measured (see Victoria, EPA 1982). 


— aaea a a a 


Table 3. Programs in the TAXON package used to analyse the data. 
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between attributes (Clifford & Stephcnson 
1975). Although the EPA chemical data uscd for 
this comparison were measured 5 years before 
the macroalgal survey took placc, the EPA’s 
extensive monitoring could not be replicated 
within the constraints of this study (instan- 
taneous measurcments at thc site of collcetion 
have only limited valuc in determining the 
limits of distribution). The EPA survey used 
groupings of sitcs called “strata” which included 
apparently similar parts of the catchment. The 
macroalgal data were groupcd into these strata 
(Table 1) and analysed eoneurrently with the 10 
and 90 percentilcs and mcdian values for se- 
lected EPA data (pH, Conductivity at 25°C, 
Hardness, Toxicity Mixture, Tempcrature, DO, 
Turbidity, Total Nitrogen, Total Phosphorus, 
Non-Filterable Residues and Е. coli). 


DESCRIPTIONS OF TAXA 


All taxonomic ranks used (division, family, 
genus and species) arc listed alphabetically 
within the next highest rank. The distribution of 
each taxon has been mapped in Figs 12-16. No 
information is given about the typc elements or 
type locality of the spccies since no types wcre 
examincd; these data can be gleaned from thc 
protologue or other publications сиса. The pre- 
fix MELU has been omittcd from all specimens 
housed in the University of Melbourne Her- 
barium. 

Unless otherwisc indicated, the distributional 
data for cach species has been taken from the 
publications cited under the species name or 


from the general texts mentioncd below. Famijy 
descriptions are given only when the family 
ineludes more than onc genus found in the Yarê 
River basin. Illustrations of taxa arc provided 
when new observations or taxonomic change’ 
have been made, or when the taxa previous]y 
have becn poorly illustrated. Illustrations 
adequatc for thc identification оѓ most 
freshwater algal gencra can be found in Bellingef 
(1980), Bold & Wynnc (1985), Bourrelly (1966: 
1968, 1985), Prescott (1954) and Smith 
ee desmids (Desmidiaceae) and diatom’ 
(Bacillariophyceac) may bc filamentous of 
colonial, many disintegrating into smallef 
chains of cells when removed from thcir habitat. 
In most cases су occur with other filamentous 
algae which are more firmly attached to the sub’ 
strate (c.g. Cladophora and Klebsormidium). 
The two most commonly found genera in the 
Yarra River basin were H yalotheca (рез 
midiaceae; c.g. specimens TJE812, TJE8 13, 
TJE809) and Melosira (Bacillariophyceae; e.g. 
TJE810, TJE814, TJE873, TJE934, TJE948). 
both usually in cutrophic streams. A colonial 
Cosmarium (Dcsmidiaceac) was found on 2 
North Maroondah weir (TJE1373). Many othef 
taxa were prcsent as single-celled or short fila- 
mentous cpiphytcs. No desmids or diatoms аге 
described here, but thcy should bc included іл 
any account of the microalgac ofthe Yarra Rivef 
basin. 

A list of Australian litcraturc and ex-MELU 
herbarium records for all the taxa described іл 
this paper has been preparcd and can ђе 
obtained from the author. 


Key to familics of macroalgac in Yarra Rivcr basin 


(bascd on vegetative structurcs) 


The family provides a convenient and gencrally easily recognizable taxonomic 
group for thc freshwater macroalgae. The kcy provided hcre applics only to those 
genera of the family found in the Yarra River basin, and not to each family asa 
whole. The kcys to gencra and specics arc nested within the text. 


Па Photosynthetic material not in chloroplasts; cytoplasm of even ог ргап- 


ular texture 


СССР 


— Chloroplast(s) discrete, compartmented from rest of cytoplasm ....4 


> 


~ 


Cell L/D mostly > 3, trichomes tapering ........................ 

NE О РА. Locfgreniaceac (Cyanophyta) 
Cell L/D < 3, trichomes not tapcring throughout ................ 3 
Hcterocysts present or absent; trichomes either deeply constricted at 
crosswalls (Anabaena) or аггапрса in сгссі, tufty, branchcd aggregates 
(Scytonemaymm ООЛ o Nostocaccac (Cyanophyta) 
Heterocysts absent; trichomcs not or littlc constricted at cross walls, 
arranged irregularly in prostrate mucilaginous mat ................ 

"|||, Oscillatoriaceac (Cyanophyta) 


mp 


E 
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Thallus either membranous, tubular, or colonial ................. 5 
Rlantsinlamentous Omsiphonous ee а ИИИНИН 7 
Thallus parenchymatous, tubular or membranous ................. 
посао о OMS од bbs ar Pt E ELLO Ulvaeeae ЧУЛУ 
Thallus colonial, saecate or ribbon-like ......................... 
Plants brown or yellow; cells in outer layer of rubbery ѕае.......... 
220002009020] o ТНА Chrysoeapsaceae (Chrysophyta) 
Plants bright green; eells throughout mucilaginous eolony .......... 
Tu"... DTE Tetrasporaeeae (Chlorophyta) 
Втапепеабїрпопс и. КККК! Vaucheriaceae (Ca soni) 
Branehed or unbranehed filaments (with erosswalls) .............. 
Cells with single stellate ehloroplast; eells in irrcgular uniseriate id 
with thick mucilage ................. Porphyridiaeeae (Rhodophyta) 
Cells never with one stellatc ehloroplast (may have two); cells in regular, 
usually uniseriate rows, never embedded in thick mueilage ........ 9 
Filaments unbranchcd; unstressed vegetative eells with walls less than 
2umith icke оь Leu ER HU о бо 0 10 
Filaments branched or (in Rhizoclonium) unbranched; if unbranched, all 
vegetative cells with stratified walls more than 2pm thick ........ 13 
Ends of at least some cells eneireled by sears (“rings”) from suecessive 
ruptures of eell wall during vegetative growth; ehloroplast retieulate . 
оо нож ШИ ХОШ. ЖЛ... Oedogoniaceae (Chlorophyta) 
Cells without eneireling scars; ehloroplast(s) entire, variously shaped 
concgpoUe сщз МАТОО unions dons nno oos: 1 
Chloroplast(s) either axial, or parietal and ribbon-like; with prominent 
DyrenoidS 9m О ОЕ а = Zygnemataceae (Chlorophyta) 
Chloroplast(s) parictal but never ribbon-likc; with or without pyren- 
O1d(S) Wn > "|| 12 
Chloroplasts onc or many per cell, yellow-green; H-shaped wall picces 
present (sometimes obseure); cell L/D usually > 2 ............. 
ооа ос сем Die ane ae ИМ 7 Tribonemataeeae (Chrysophyta) 
Chloroplasts onc pcr cell, grccn; H-shapcd wall pieecs present or absent; 
сеп папу c Ulotriehaeeae (Chlorophyta) 
Plants with faseieles of determinate laterals arranged around a main 
AXIS Mw m 14 
Plants without fascicles of determinate laterals ................. 15 
Plants green, disintegrating readily; fascicles irregularly arranged, not in 
whorls ОА. Chactophoraeeac (Chlorophtya) 
Plants green, red, purple or brown; not readily disintegrating; fascicles 
arranged regularly in whorls at caeh node of axial cells ............ 
ПИ... Batrachospermaceae (Rhodophyta) 
Plants with single pseudoparenehymatous cortical layer enelosing large 
axial cells ЕНИС. Compsopogonaceae (Еһосорвуа) 
Plants пої eortieate, uniseriate throughout ..................... 
Cells with pit-eonneetions; plants usually red, brown, violet or x 
RAN |... ТМ, Rhodoehortaeeac Koran 
Cells without pit-eonnections; plants green ..................... 17 
Ends of branches or filaments rounded; chloroplasts many, discoid, 
arranged in a retieulum ............. Cladophoraeeac (Chlorophyta) 
Ends of branehcs aeutcly pointed, often extending into hairlikc cells; 
chloroplasts laminate and parictal, one per cel ................... 
с 006 0 8G о gg И с ПИ ETT EET Chaetophoraceae (Chlorophyta) 


Chlorophyta 
Chaetophoraceae Greville 1824: xix, 321. 


Plants consisting of branched filaments; termi- 
nal ends generally acutely pointed, often with 
hairlike apical cells. Reproduction by zoospores 
and fusion of isogametes. 


Chaetopliora Schrank 1783: 125. Hazen 1902: 
209. Fritsch 1935: 254. Smith 1950: 155. Bour- 
relly 1966: 276. 


Filaments forming gelatinous globose colonies; 
no abrupt change in cell diameter throughout 
plant; outer cells with a single chloroplast cover- 
ing entire periphery of ecll; inner cells with 
band-like chloroplast. 


Chaetophora clegans (Roth) C. Agardh 1812: 42. 
Hazen 1902: 211, pl. 37. 


Distribution. Cosmopolitan; Yarra River basin (Fig. 
12A). 


Specimens examined. Site 117: TJE1412, TJE1429. 


Plants globose to tuberculate, gelatinous, light 
green; filaments radiating from central region; 
outer branching monopodial, often secund, with 
usually one, sometimes two, laterals from cach 
node, usually ereet; inner branching apparently 
dichotomous, more sparse, generally lax and 
spreading; cells throughout cylindrical to barrel- 
shaped, 4-30 um long, 5-13 ит in diameter, 
L/D 0.5-6; apices of filaments acute, sometimes 
with long, hairlike cells. 

Reproduetion (not seen) by biflagellate zo- 
ospores and akinetes; germination of zoospores 
and growth of new plants occasional within gel- 
atinous matrix of mature plant. 


Habitat and phenology. Plants were found on 
roeks in splash zone of weir in spring; water tem- 
perature was 10°C. The speeies was associated 
with Batrachospermum atrum in a part of the 
eatehment with fairly soft water (Ca 8.0 mg/L, 
Mg 1.2 mg/L). 

Blum (1957) found Chaetophora elegans and 
C. pisiformis in the unpolluted reaches of the 
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Saline River in the United States, where the 
water was high in bicarbonates. Johansson 
(1982) found C. glomerata in water with a rela- 
tively high pH in Seandinavia. In contrast 10 
these two records, Whitford & Schumacker 
(1968) deseribed C. incrassata and С. pisiformis 
as algae of soft-water acid streams. 


Draparnaldia Bory de St-Vincent 1808: 399. 
Hazen 1902: 217. Collins 1909: 302. Smith 
1950: 156. Forest 1956: 1. Bourrelly 1966; 279. 
Bold & Wynne 1985: 171. 


Plants consisting of mucilaginous, usually mon- 
iliform, bright green, branched primary axes 
attached by rhizoids; cells of main axes rela- 
tively large, with parietal, equatorial, cylindri- 
cal, often fimbriate, chloroplasts; some or all 
bearing determinate or indeterminate laterals 
with parietal chloroplasts, gross morphology 
similar to Batrachospermum (Rhodophyta) but 
plants extremely flaccid and prone to disintegra- 
tion after collection. и 
Reproduction mainly by quadriflagellate 
zoospores, but also by akinctes, aplanospores 
and conjugation of quadriflagellate isogametes. 


Draparnaldia mutabilis (Roth) Bory de St-Vin- 
cent 1808: 402, pl. 35, fig. 1a-d. 
Draparnaldia glomerata (Vaucher) C. Agardh 
1812: 41. 
Draparnaldia plumosa (Vaucher) C. Agardh 
1812; 42. | 
Draparnaldia acuta (С. Agardh) Kiitzing 
1845: 230. 


Distribuiion. Cosmopolitan; Yarra River basin (Fig. 
12B) 

Specimens examined. Site 19: ТЈЕТІЗІ; site 21: 
TJE833; site 26: TJE1024, TJE1058, TJE1280, 
TJE1351 p.p., TJE1419; site 27: TJE859, TJE1055, 
TJE1332;sitc 28: TJE865, TJE1349, TJE1415; site 30: 
TJE868; site 62: TJE949, TJE1198; site 78: TJE985; 
site 79: TJEI001. 


Thallus up to 100 mm long, 450-800 um in 
diameter at maturity. Main axis cylindrical to 
moniliform; cells 25-90 рт in length, 20-58 jum 


Key to genera of Chaetophoraceac 


ЈА Plants with distinct main axis of stout cells bearing whorls of determinate 


laterals 


eoe e c o à à a s а b e «э woo 9 3 жое е » o» à P Эа эе йөзә ә o e ө еа е э э = 


Draparnaldia 


— Plants not differentiated into main axis and determinate laterals ...2 


53 


Plants colonial, globular; filaments embedded in gelatinous matrix .. 


Chaetophora 


— Plants not colonial or globular; filaments forming mueilaginous tufts 


Bem ee ee wee mee еее есет НКС 


МА WW С^... e. Stigeoclonium 
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in diametcr, L/D 0.8-2.0(-2.5); chloroplast par- 
ietal, equatorial, cylindrical and fimbriate, with 
numerous pyrenoids; fascicles bi- and tri-fur- 
cate, arising apically from some axial cells; axes 
of fascicles either prominent, almost indctermi- 
nate (usually in juvenile plants), or indistinct 
and clearly determinate throughout; proximal 
cells cylindrical to doliform, 10-30 um long, 5- 
15 рт in diameter, L/D 1.0-4.0; distal cells 
obconical or truncate obconical, 10-20 рт long, 
3-5 um maximum diameter, L/D 3.5-6.0, 
usually terminated by uni- or multi-cellular hair, 
up to 350 рт long; chloroplasts parietal, usually 
with one or two pyrenoids. 

Zoosporangia formed in fasciclc cells; zo- 
ospores germinating directly into branched, 
often curved filament; cclls of germling similar 
to those of mature fascicle. 


Habitat and phenology. Plants wcrc common in 
spring and summer but rare or absent in winter; 
water tempcraturcs were 7-19°С. D. mutabilis 
grows intheupper Yarra and Watts River basins 
whercthere issome opening ofthe canopy. It can 
occur as isolated plants, as in the Yarra River 
near Warburton, or in dcnsc blooms, as in the 
Yarra River below the O'Shannassy River inlet. 
D. mutabilis (as D. glomerata) was found by 
Fjerdingstad (1965) to be mostly an alga of non- 
polluted areas in Scandinavia. although capable 
of growing succcssfully in polluted streams. Van 
Beem & Simons (1988) found D. mutabilis in 
both eutrophic, hard water, and in mcsotrophic, 
soft water but growths were more extensivc in 
the latter environment. 

Three of thespecies of Draparnaldia rccorded 
from Victoria by Watts (1865), D. elongata, D. 
tenuis and D. nana, are rcferrable to Stigeoclo- 
nium (Islam 1963). The other two spccies, D. 
plumosa and D. glomerata, are here considered 
tobesynonyms of D. mutabilis. Prior to 1865, D. 
mutabilis occurred as far downstream in the 
Yarra River as Hcidclbcrg; today, its lowest 
apparent occurrence is some 80 km farther 
upstream at Warburton. This is paralleled by 
Watts' collection at Hcidclberg of the red alga 
Nothocladus nodosus Skuja, which is now also 
only known from the Upper Yarra region 
(Entwisle & Kraft 1984). 


Taxonomic remarks. Variations іп fascicle 
shape with age of plant and habitat have been 
reported for several Draparnaldia specics by a 
number of authors (Bory dc St-Vincent 1808, 
Uspenskaja 1930, Suomalainen 1933, Forest 
1956, van Beem & Simons 1988), and only one 
discrete entity could be delimited in the Yarra 


River flora. This taxon includes plants similar to 
those described by Bory de St-Vincent (1808) as 
Draparnaldia mutabilis (non D. mutabilis 
(Roth) Cedergren 1920). Thc list of synonyms 
given above is taken from Forest (1956) and 
Bory dc St-Vincent (1808), and is consistent 
with an examination of thc relevant protolo- 
gucs. 

No other alga in the Yarra Rivcr systcm 
besides Draparnaldia and the Batrachosperm- 
aceac has a thallus differentiatcd into a main 
axis and fascicles of dctcrminatc latcrals. Dra- 
parnaldia mutabilis differs from genera in thc 
Batrachospermaceae (Rhodophyta) in not hav- 
ing rcgular whorls of fascicles, and in having 
axial cclls that arc short and cylindrical to doli- 
form rather than long and cylindrical. In addi- 
tion, cclls of D. mutabilis lack thc pit connec- 
tions of red algae, reproduction is very different, 
and plants of Draparnaldia disintegrate more 
easily when collcctcd. 


Stigeoclonium Kützing 1843: 253 (as Stygeoclon- 
tum); corr. 1849: 352 (nom. cons.). Smith 1950: 
153. Islam 1963: 49. Printz 1964: 126. 

Myxonema E.M. Frics 1825: 343. Hazen 
1902: 193. 


Distribution in Yarra River basin. Sce Fig. 12C. 


Plants bright green; axcs branched, mostly uni- 
seriate (although oblique ccll divisions occasion- 
ally create limited zones of multiscriate tissuc), 
without abrupt changes in cell size; distal cclls 
somewhat attenuated, somctimes bearing long, 
multiccllular hair; chloroplasts in larger cells 
parietal cylindrical, sometimes fimbriate, with 
scvcral pyrenoids; in smaller cells parietal with 
1-3 pyrenoids; erect system attached by discoid 
cell, rhizoids, or irregularly branched to pseudo- 
parcnchymatous prostrate system. 

Reproduction usually by quadriflagellatc 
ovoid zoospores, formed inside intcrcalary or 
terminal cells; sexual reproduction scldom 
reported, apparently taking placc by conjugation 
of bi- or quadri-flagellate isogametes; thick 
wallcd cells produccd under some conditions; 
zoosporcs germinating to form prostrate or erect 
(not seen) primary filament. 


Remarks. To identify species of Stigeoclonium it 
is necessary to examine the prostrate thallus, 
either in culture or on artificial substrata in the 
ficld. In thcir comprehensive study of spccics 
concepts in the genus, Cox & Bold (1966: 7) 
stated that they were “well aware that increased 
emphasis on the culture mcthod, and on mor- 
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phological attributes which are not immcdiately 
visible in collected materials, will not please 
those who seck to simplify the identification of 
Stigeoclonium in the field. However, if it were 
now possible to identify specics of Stigeoclo- 
nium easily and reliably in the field, this inves- 
tigation would not have been necessary". 

Morc recent studies (e.g. Francke 1982; 
Francke & Simons 1984; Simons ct al. 1986) 
have supported the main findings of Cox & Bold 
(1966), and species delineation in Stigeoclonium 
is now based on characteristics of the prostrate 
system and germination pattern, features 
usually only observable in plants grown from 
zoospores On a Surface which can be examined 
microscopically (e.g. glass slides). The more 
“convenient” characters displayed by the ercct 
system, used by Islam (1963) and Printz (1964), 
apparently do not reflect the full range of “‘nor- 
mal phenotypic expressions of the organism” 
(Cox & Bold 1966: 22). 

Simons et al. (1986) recognised three species 
of Stigeoclonium, two of which occur in the 
Yarra River catchment. Although some popu- 
lations from the upper parts of the catchment 
resemble the third species, S. helveticum, in pro- 
trate thallus morphology, it was not possible to 
delimit these populations clearly from S. tenue 
on the basis of the material observed. 


Habitat and phenology. Both species were more 
common in the coolcr months but grew to somc 
extent throughout thc ycar. Watcr tcmperatures 
ranged from 8-25'C. Stigeoclonium tenue and S. 
farctum can tolcrate an extremely wide range of 
eutrophication. They occur throughout thc 
basin, from the most polluted urban streams to 
mountain weirs. There is always some physica! 
disturbance at the sitc, but the nutritional 
demands of Stigeoclonium are unknown. Plants 
can tolcrate rclativcly high levels of many metals 
(McLean 1974) and often grow on submerged 
iron if present. It is probable that S. tenue, the 
most widespread species, will spread throughout 


the catchment as filaments are dispersed 
through human activity. Although Fjerdingstad 
(1965) characterised S. tenue as a common spe- 
cies tolerant of mildly polluted waters, Biggs & 
Price (1987) found Stigeoclonium more com- 
monly in streams with few electrolytes. McLean 
& Benson-Evans (1974) and Fjerdingstad (1965) 
have aptly described S. tenue as an organism 
which, although common in organically polluted 
streams, is not restricted to this environment. 

Thcre seems to be no habitat distinction 
bctween S. tenue and S. farctum, and detailed 
studies of microhabitat are needed. In some sites 
(c.g. site 13) both species were present. 


Stigeoclonium farctum Berthold 1878: 193, pl. 
15, fig. 15, pl. 16, figs 1-5. Simons et al. 1986: 
216, figs 27-36. 


Distribution. Cosmopolitan; Yarra River basin (Fig. 
12D). 


Specimens examined. Site 12: TJE925, TJE926, 
TJE1433; site 13: TJE828, TJE938; site 23: TJE843; 
site 32: TJE876; site 57: TJE932; site 59: TJE935; site 
84: TJEI013; site 86: TJEIOI7. 


Germination of zoospores prostrate, producing 
flat thallus, usually pinnately branched; pros- 
trate thallus becoming pseudoparenchymatous 
due to density of much branched filaments, at 
least in centre; intercalary cclls cylindrical to 
ellipsoid, 7-23 um long, 5-6 шт in diameter, 
L/D 1.0-5.0; peripheral cells obconical to elon- 
gate dome-shaped, 8-17 um long, 3-5 um in 
diametcr, L/D 1.5-7.0; ercct system often poorly 
developed, up to 10 mm long, with little differ- 
entiation of main axis; intercalary cells cylindri- 
cal, 9-35 um long, 5-13 um in diameter, L/D 
1.5-5.0; apical cells obconical 8-17 рт long, 3-5 
um in diameter, L/D 2.5-6.0, or terminated by 
multicellular hair to 85 um long. 


Stigeoclonium tenue (C. Agardh) Kützing 1843: 
253. Simons et al. 1986: 216, figs 13-26. 


2 


Key to species of Stigeoclonium 
(based on results of Simons ct al. 1986) 


Germination of zoosporc erect; prostrate system a single holdfast cell, 
sometimes with short rhizoids, or rarcly a branched, few-celled filament 
terminatedibyArhiZOldS299 a a 100 71 S. helveticum (not found) 
Germination of zoospore prostrate; prostrate system extensive and con- 
SDICUOUS SS D a Seen ee ee 2 
Prostrate system open, irregularly branched ............... S. tenue 
Prostrate system pseudoparenchymatous, at Icast centrally, and almost 
Pinnatelyib ranch ed КККК ИРИ S. farctum 
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Distribution. Cosmopolitan; Yarra River basin (Fig. 
12E). 

Specimens examined. Site 11: TJE1082; site 13: 
TJE1451; site 16; TJE841, ТЈЕ1 121; site 21: ТЈЕ833; 
site 22: TJE1 140; site 24: ТЈЕ848; site 26: TJE855; site 
29: TJEI234; site 55: TJE928; site 56: TJE930, 
TJE1077; site 61: TJE948; site 78: TJE1029; site 80: 
TJE1236; site 83: TJE1290, TJE1341; site 87: 
TJE1019, TJE1264; site 91: TJE1363. 


Germination of zoospores generally prostrate, 
producing non-compact, irregularly branched 
prostrate thallus; intercalary cells cylindrical to 
doliform, 8-19 um long, 3-8 рт in diameter, 
L/D 1-6.5; distal cells conical or elongate dome- 
shaped to subglobose, 5-20 um long, 2-5 um in 
diameter, L/D 1.5-7.0; crect system up to 20 
mm long, with little differentiation of main axis; 
intercalary cells cylindrical, 5-33 um long, 3-8 
um in diameter, L/D 1.5-11; apical cells conical, 
12-23 um long, 2-3 um in diameter, L/D 4-8, ог 
terminatcd by multicellular hair up to 100 рт 
long. 


Stigeoclonium sp. 


Specimens examined. (Excluding any from sites where 
at least onc species determination has been possible). 
Site 1: TJE820, TJE824; site 2: TJE1084; site 3: 
TJE1086; site 25: TJE850, TJE851; site 45: TJE1369; 
site 58: TJEI1073; site 100: TJE1274; site 104: 
TJE1397; site 107: TJE1374, TJE1375; site 108: 
TJE1377; site 109: TJE1378; site 111: TJE1383; site 
112: TJE1381; site 114: TJE!385. 


Remarks. These collcctions include only those 
where no prostratc system was available for 
examination. 


Cladophoraceae Wille 1884: 30. Womcersley 
1984: 166. 


Plants of branched or unbranched uniseriate 
filaments with parietal reticulum of numerous 
discoid chloroplasts; some chloroplasts with 
pyrenoids. Asexual reproduction by bi- and 
quadri-flagellatc zoospores; sexual reproduction 
(where present) by fusion of biflagellate 
gametes. 


Cladophora Kützing 1843: 262 (nom. cons.). 
Smith 1950: 213. van den Hoek 1963: 5; 1982: 
30. Womersley 1984: 185. 


Plants consisting of branched erect filaments 
attached by singlc holdfast cell or by rhizoids; 
cclls with numerous angular to discoid chloro- 
plasts forming reticulum or continuous parietal 
layer, pyrenoids present in most chloroplasts. 
Reproduction by bi- or quadri-flagellate zo- 
ospores and, in some specics, conjugation of 
biflagellate isogamctcs. 


Taxonomic remarks. Although Cladophora has 
been called onc of the largest genera of algae 
(Smith 1950: 215), recent taxonomic studies by 
van ісп Hoek (1963, 1982) have greatly reduced 
the number of accepted species in both marine 
and freshwater habitats. Van den Hoek (1963) 
recognised ninc species and four varietics of 
Cladophora from fresh waters in Europc and 
considered most of them to bc cosmopolitan. 

The key taxonomic characters for species 
determinations can usually be observed in ficld 
material but culturing can help to clarify aspects 
of holdfast shape and reproductive morphology. 
Culturc studics were used here to confirm the 
spccics identification but should not be neces- 
sary for subsequent collections from the Yarra 
River catchment. 


Cladophora glomerata (Linnacus) Kützing 1843: 
266. Fritsch 1935: figs 68A, C, 69C, F. van dcn 
Hoek 1963: 162, figs 515-519, 522-575. Bour- 
relly 1966: pl. 75, fig. 7, pl. 76, figs 1-3. 


Distribution. Cosmopolitan; Yarra River catchment 
(Fig. 12F). 


Specimens examined. Site 1: TJE801, TJE802, 
TJE820, TJE1012; site 2: TJE1083; site 11: TJE1081; 
site 12: TJE827, TJE924; site 13: TJE939; site 17: 
TJE1372;site 23: ТЈЕ838, TJE1096, TJE1192:site 55: 
TJE927, TJE960, ТЈЕ1435; site 56: TJE929; site 57: 
TJE931, TJE1080; site 58: TJE1072; site 59: TJE1079; 
site 84: TJE995, TJE1258;site 85: TJE1014, TJE1259; 
site 86: TJE1016, TJEI260, TJE1261; site 87: 
TJE1020, TJE1263; site 89: TJEI038, TJE1039, 
TJE1173; site 90: TJE1041, TJE1069; site 91: 
TJE1075; site 98: TJE1273; site 100: TJE1274; site 
118: TJE1414. 


Plants to 1 m long, growth apical and intercal- 
ary; branches inserted laterally, obliquely or 
horizontally, but always from apical portion of 
cell; pseudodichotomous, alternate, or secund; 
profuse or sparse; intercalary cells cylindrical to 


Kcy to genera of Cladophoraceac 


1. . Filaments branched 


— Filaments unbranched except for occasional rhizoids 


ona ER UR Cladophora 


.. Rhizoclonium 
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somewhat swollen at ends (particularly in cul- 
ture), 84-480(-850) џт long, 24-80 ит in dia- 
meter, L/D 2.5-12.5(-40), with walls usually 
2-5 um thick but up to 20 um thick in old cells; 
in older plants, proximal cells of axis elongate 
substantially; apical cells dome-shaped, some- 
times slightly constricted in middle or at apical 
end, 84-360(-560) um long, 16-48(-68) um in 
diameter, L/D 3-7.5; basal system of short 
rhizoids, some terminated by digitate holdfast. 

Reproduction by biflagellate zoospores from 
clavate to hemispherical zoosporangia, 76-144 
um long, 36-88 ит in diametcr, L/D 0.7-3; 
zoosporangia dchiscing through lateral pore 
near one cnd of cell. 


Habitat and phenology. Plants wcre common in 
summcr but may persist in slow-flowing water 
through wintcr; water temperatures werc 8- 
25°C. Cladophora glomerata was common in 
urban creeks where conductivity (140-2550 
umS/cm), hardness (30-540 mg/L) and pH 
(usually 6.0-7.8) werc always high. Nitrogen and 
phosphorus were also high but variable in con- 
centration. There does not seem to be any chem- 
ical barrier to the growth of this species in many 
non-urban but eutrophie alkalinc creeks, such as 
Olinda Creek (site 17) where it was present in 
small amounts. Fjerdingstad (1965) character- 
ised Cladophora species as being capable of 
thriving in both polluted and unpollutcd waters. 
C. glomerata scems to be limited to "hard" 
water, however, and would not grow naturally in 
the acidic erecks of the upper Yarra catchment. 
Marker & Close (1982) found Cladophora 
growing in an alkalinc but nutricnt poor stream. 
Johansson (1982) listed C. glomerata as an indi- 
cator species of low altitude streams (less than 
400 m above sea level) in Sweden, where most 
streams are “hard”. It also occurs worldwide asa 
littoral species in lakes and reservoirs. 
Cladophora glomerata scems to have pros- 
pered in the polluted ereeks of Melbourne sincc 
European settlement. Ferdinand Mueller, for 
example, colleeted C. glomerata (as C. callicoma 
and C. crispata) from Darebin Creek in 1853. 
Sinee Darebin Creek mostly flows through bas- 
alt, the water would always have been "harder" 
than the bulk ofthe Yarra River catchment, and 
Cladophora may have been a natural popu- 
lation. [n the 1850s, howcver, agrieultural and 
urban development had already severely 
degraded water quality (Barrctt 1971), and the 
akinetes or filaments (kept moist) of C. glomer- 
ata could have been brought from Europe. It is 
curious, though, that Hardy (letter to Prof. 


Ewart, 1907) stated that C. crispata was not 
known from the Darebin Creck at that time, but 
it was to bc found in the ""backwaters" of the 
Yarra River (Hardy 1906: 35 recorded C. glom- 
erata and C. fracta from thc backwaters of the 
Yarra River). The absence of the species in Dar- 
ebin Creek may have becn due to thc seasonality 
of Cladophora or to a degradation or improvc- 
ment of water quality at the time. 

Filaments of C. glomerata in CM media ean 
remain viable for over 6 months in total dark- 
ness at 16°C (Entwisle, 1989a). This capacity to 
withstand long periods without photosynthcsis 
would bc important for overwintering and dis- 
tribution of plants. 


Taxonomic remarks. |n one collection 
(TJE1016) thc apical cells are particularly long 
(up to 560 um) but no populations аге morpho- 
logically distinct enough to be considered as 
separate speeies. A number of distinct genotypes 
may exist but these cannot be distinguished as 
taxa in any practical sense. For this rcason, C. 
fracta and the varieties of C. glomerata de- 
scribed by van den Hock (1963) are not eon- 
sidered to be uscful subdivisions in the Yarra 
River catchment flora. 


Rhizoelonium Kützing 1843: 261. Fritseh 1935: 
231. Womersley 1984: 167. Bold & Wynne 
1985: 205. 


Plants consisting of unbranched filaments, in 
entangled masses, or attached by short lateral 
rhizoids (not seen). Asexual reproduction by 
biflagellate zoospores is uneommon and has not 
bcen seen in this study. 


Rhizoclonium  hieroglyphieum (С. Арагаһ) 
Kützing 1845: 206. Collins 1909: 329, pl. 12, fig. 
119. Fritsch 1935; figs 69B, G, H, J. Smith 1950: 
fig. 133. Bourrelly 1966: pl. 73, figs 6, 7. 


Distribution. Cosmopolitan; Yarra River basin (Fig. 
120). 


Specimens examined, Site 2: TJE1083; site 16: 
TJE1092. 


Cells cylindrical, 27-33 рт in diameter, 35-85 
um long, L/D 1.5-3.0; cell wall stratified, 5-8 
um thick; no rhizoidal or unicellular prolifer- 
ations seen. 


Habitat and phenology. Plants wcre found in 
early autumn; water temperature was 12-17'C. 
Both sites are in the outer suburbs of Melbourne, 
in or near the Yarra River. 
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Taxonomic remarks. West (1927) gave a cell 
diameter range of 10-37 рт and cell L/D of 2-5 
for R. hieroglyphicum, and these ranges encom- 
pass most of the Yarra River basin material. 
Koster (1955) reported that probable type 
material of А. hieroglyphicum has filaments 18— 
30 um in diameter and cell L/D of 1.5-4. Collins 
(1909), however, reported cell diameters of 10- 
25 um in what is purportedly the type variety, 
and recognised two varieties with broader fila- 
ments and, in one case, thicker walls. The recog- 
nition of these varieties does not seem 
warranted on the basis of available evidence. 

Koster (1955) suggested that А. hieroglyphi- 
cum may be synonymous with R. riparium 
(Roth) Harvey but stressed that experimental 
studies are needed to confirm this. R. riparium 
has filaments 18-48 um broad and cell L/D of 
1-8.5, and thus includes the size range found in 
Australian plants. Koster (1955) recognised two 
varieties of R. riparium, var. valdium Foslie with 
cells 30-48 um broad, and the type variety with 
cells 18-33 рт broad. 

The plants from the Yarra River basin are also 
similar to Cladophora rivularis (Linnaeus) van 
den Hock (1963), which may be unbranched. In 
C. rivularis, however, the L/D of vegetative cells 
tends to be larger (3-10), and multicellular 
rhizoids and occasional, terminally-inserted 
branches are commonly present. 

The distinction between C/taetomorpha and 
Rhizoclonium is problematical. In most cases, 
unbranched filaments of a coarse texture and 
over 100 um broad are referred to Chaetomor- 
pha. Such plants (TJE1507) form large, tangled, 
open mats in Korkuperrimul Creek at Baechus 
Marsh, in the Werribee River basin. 


Oedogoniaceae Hirn 1900: 71. 


Oedogonium Hirn 1900: 72. Tiffany 1930: 53. 
Smith 1950: 207. Bourrelly 1966: 342. Bold & 
Wynne 1985: 183. 


Plants consisting of unbranched, uniseriate fila- 
ments; cells cylindrical to capitellate (i.e. 
broader at one end), most with distinctive cell 
division sears (“rings”) at one end; chloroplasts 
reticulate, parietal (but sometimes obseured by 
discoid starch deposits), with one to many pyre- 
noids; nucleus usually prominent; filaments 
attached by a single-celled holdfast. 

Sexual reproduction oogamous, with intereal- 
ary oogonia and various arrangements of male 
gametangia; asexual reproduction by zoospores 
and fragmentation; germlings from zoospores 
first produce holdfasts, then an erect filament, 
often with a conical apical cap. 


Taxonomic remarks. Valid publication of names 
in the Oedogoniaceae begins in 1900 with Hirn’s 
monograph (see Greuter et al. 1988). As aresult, 
many nineteenth century records of Oedogon- 
ium are irreconcilable with current species con- 
eepts. 

Few nanandrous species (i.e. plants with а 
separate sperm-producing life-phase) are found 
in rivers, probably due to the disadvantages of 
alternate generations in a unilaterally flowing 
system such as a river (ef. Rhodophyta; Sheath 
1984). In faet, few male gametangia of any type 
were found during this study. Since all field 
eolleetions were sterile, this may be due to the 
culture conditions used. 

As with the family Zygnemataccac, sterile 
populations falling into several size groupings 


Key to species and vegetative groups of Oedogonium 


il. Р ШУП СОО о ыыкжж жжке 2 
— Plants without oogonia (vegetative only) ........................ 5 
2). Oogonia usually twice ог more diameter of vegetative filament; filament 
diameter ОЕТ 3 

— Oogonia only little inflated beyond vegetative filament; filament diam- 
Bier UUM О ООЛО о олово е био о о бо о об об бе 4 

3k Vegetative cell L/D < 2; oogonia > 35 ит in diameter ....О. sp. А 
— Vegetative cell L/D > 2; oogonia < 35 um in diameter ........... 
ваа О. intermedium 

4. Oospores filling oogonia; oogonia < 60 um in diameter .... О. sp. В 
— Oospores leaving at least ends of oogonia empty; oogonia > 60 um in 
Ота ГИ СОЛАНЕ meri е Eo oe О. crassum 

5: Vegetative filaments < 15 рт in diameter .. Slender-Filament Group 
—- Vegetative filaments > 15 um in diameter..................---. 6 
6. Vegetative filaments < 25 рт in diameter . Medium-Filament Group 


Vegetative filaments > 25 pm in diameter ... Broad-Filament Group 
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have been delineated to facilitate ecological stu- 
dies, These groupings have no formal taxonomic 
status and almost certainly include more than 
one “species”. Some may even include filaments 
of specics whose alternatc phase or male/female 
counterpart has been referred toa different vege- 
tative group. Although Whitton et al. (1979) 
suggested using a doubling geometric series 
(2,4,8,...) for vegetative diameter categories, 
the divisions uscd here are based on size disjunc- 
tions actually encountered in the populations 
examined. 


Oedogonium crassum Hirn 1900: 139, pl. 18, 
figs 99-100, pl. 19, figs 100-101. Tiffany 1930: 
88, pl. 23, figs 202-207. Gonzalves 1981: 263, 
fig. 9.142A-C. Mroziriska 1985: 128, figs 147- 
151. 


Distribution. Europe, North and South America, 
South Africa; Australia; Yarra River basin (Fig. 
12H). 


Specimens examined. Site 4: TJE1193; site 17: 
TJE1022, TJE1049, TJE1448, TJE1449; site 48: 
TJE907; site 89: TJE1051; site 96: TJEI315 р.р. 


Plants dioecious; female filaments 48-72 рт in 
diamcter; cells cylindrical, with many pyrenoids 
in mature cells, 30-68 um long, L/D 1-2.5; puta- 
tively malc filaments rarely seen, (18-)28-40 
um in diameter, cells (10-)24-28 um long, L/D 
0.5-1.2, with 1(-2) pyrenoid(s) per cell; malc 
gametangia not diffcrentiated. 

Oogonia single, ovoid, ellipsoid or barrel- 
shaped, 64-84 um in diameter, 55-100 um long, 
pore superior, circular to mouth- shapcd (corisi- 
form); oospores globose, rarely ellipsoid, leaving 
oogonial cavities at ends of oogonium (usually 
also peripherally), rusty orange-brown, 52-76 
um in diameter, oospore wall smooth. Zo- 
ospores produccd in culture. 


Habitat and phenology. Plants were found 
throughout the year; water temperature was 10- 
15°C. All habitats were in streams subject to agri- 
cultural runoff. 


Taxonomic remarks. 'The female filaments in 
the Yarra Rivcr basin are broader than those 
usually recorded for this species (including var- 
ieties) but the globose oospores, superior pore 
and slightly inflated oogonia are distinctive of O. 
crassum (Hirn 1900, Tiffany 1930). No defini- 
tive male gametangia were seen but some 
smaller, possibly male filaments were numerous 
in the same collection. The plants are therefore 
presumed to be dioecious. Hirn (1900) estab- 


lished this specics from a collection also lacking 
male filaments. 


Oedogonium intermedium Hirn 1900: 94, pl. 5. 
figs 31, 32. Tiffany 1930: 72, pl. 14, figs 134, 
135. Gonzalves 1981: 168, fig. 9.31A-F. 
Mrozinska 1985: 80, figs 63-67. 


Distribution. Cosmopolitan; Yarra River basin (Fig. 
121). 


Specimens examined. Site 46: TJE1052 p.p.; site 82: 
TJEI124. 


Plants apparently monoecious; femalc filaments 
15-18 um in diameter, 7-32 рт long, L/D 0.5- 
24 

Oogonia single, separated by onc vegetative 
cell or rarely in contiguous pairs, ovoid to pyri- 
form, 25-35 um in diameter, (20-)27-42 pm 
long, pore superior; oospore ovoid, c. 27 um in 
diameter, c. 27 рт long, filling oogonium. Prob- 
able immature male gametangia 5 шт long. 


Habitat and phenology. Plants were found in late 
spring and summer; water tempcrature was 10— 
12°C, Habitats were relatively pristine, with lit- 
tle eutrophication. 


Taxonomic remarks. 'The Yarra River basin 
plants are similar to O. intermedium except 
that the oogonia may be smaller (to 25 џт in 
diameter rather than the 31-37 um usually 
reported). No mature male gametangia were 
seen. 


Oedogonium sp. A 
Distribution in Yarra River basin. Fig. 12J. 
Specimen examined. Site 96: TJE1315 p.p. 


Plants apparently dioccious; female filaments 
12-16 um in diameter; cells 32-53 um long, L/D 
2-4, usually with one pyrenoid. Oogonia ovoid 
to pyriform, 1-2 together, 35-42 um in diam- 
eter, 45-55 um long, pore superior; mature oos- 
pores not scen. No male gametangia seen. 


Habitat and phenology. Plants were collected in 
winter; water temperature was 12°C. 


Taxonomic remarks. This population is similar 
in some respccts to О. intermedium as described 
above but has smaller oogonia and longer veg- 
etative cells. The differences are not substantial 
and when more material of TJEI315 p.p. is 
found the two may be best included in the one 
taxon. Thc field material was intermediate 
between the Slender-Filament and Medium- 
Filament vegetative groups described below. 
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Oedogonium sp. B 
Distribution in Yarra River basin. Fig. 12J. 
Specimen examined. Site 46: ТЈЕ1052 р.р. 


Plants apparently dioecious; female filaments 
28-40 um in diameter; cells 20-52 um long, L/D 
0.7–2. Oogonia globose to compressed globose, 
43-50 um in diameter, 32-45 um long, pore 
superior; oospores filling oogonium. Male gam- 
etangia not seen. Zoospores formed in normal 
vegetative cells in eulture. 


Habitat and phenology. Plants were found in 
summer; water temperature was 20°C. 


Taxonomic remarks. This population is similar 
to O. capilliforme Hirn (1900: 107, pl. 8, figs 49- 
54) in eell and oogonium dimensions, and in 
having smooth-walled oospores and barely 
tumid oogonia. It differs, however, in having 
oospores which are globose rather than ellipsoid, 
and which completely fill the oogonium. О. 
oryzae Him (1900: 294, pl. 22, figs 113-114) has 
similar oospore dimensions as well as oospores 
which fill the oogonium, but the oogonia and 
oospores are obovoid to subeylindrieal. The tax- 
onomie position of the present population may 
be clarified when male material is found. 


Ocdogonium (Slender-Filament Group) 
Distribution in Yarra River basin. Fig. 13A. 


Specimens examined. Site 26: TJE1298, TJE1442 p.p.; 
site 78: TJE1107. 


Cells 11-14 pm in diameter, 22-33 pm long, 
L/D 2-3. 


Habitat and phenology. Plants were found in 
autumn, winter and spring; water temperature 
was 10-16°C. All habitats are near Warburton. 


Taxonomic remarks. This group is similar to 
that referred to by Johansson (1982: 19) as Oedo- 
gonium sp. 1. 


Oedogonium (Medium-Filament Group) 
Distribution in Yarra River basin. Fig. 13B. 


Specimens examined. Site 26: TJE1214, TJEI217, 
TJE1441; site 28: TJE1323; site 30: TJE1233; site 46: 
TJE904; site 52: TJE1164; site 61: TJE948; site 67: 
TJE1180; site 75: TJE977; site 79: TJE1218; site 81: 
TJE1007, TJE1238; site 82: TJEIOIO; site 106: 
TJE1403; site 113: TJE1379; site 116: TJE1393. 


Cells 15-25 ртіп diameter, (7-)20-35(-90) um 
long, L/D (0.5—)1.3-2.3(-5); pyrenoid usually 
one per cell; filament usually not linear, the cells 


being slightly disjointed. Zoospores formed in 
normal vegetative cells and germinating freely in 
eulturc. 


Habitat and phenology. Plants were found in 
autumn, winter and spring; water temperature 
was 7-14°C. This group usually grows with 
Batrachospermaceae in the upper parts of the 
catehment, at sites where there has commonly 
been some disturbanec. It was not found in sum- 
mer, possibly being restricted by temperature. 


Taxonomic remarks. TJE948 includes filaments 
with longer cells (to 90 um long, L/D to 5) than in 
other speeimens. This group is similar to that 
referred to by Johansson (1982: 19) as Oedogon- 
iuni sp. 2. 


Oedogonium (Broad-Filament Group) 
Distribution in Yarra River basin. Fig. 13C. 


Specimens examined. Site 2: TJE1083; site 4: 
TJE1087; site 16: TJE840; site 17: TJE835, TJE836, 
TJE846; site 25: ТЈЕ 1152: site 26: TJE1299, TJE1 442 
р.р.; site 27: TJE860, TJE861; site 28: TJE1416; site 
32: TJE874; site 46: TJE904, TJE1247; site 48: 
TJE907; site 56: TJE1076; site 78: TJE1221, ТЈЕ 1337; 
site 83: TJE1309; site 89: TJE1038, TJE1040; site 96: 
TJE1267, TJE1268; site 100: TJE1275; site 106: 
TJE1402. 


Cells 25-65 рт in diameter, (20-)25-135 ит 
long, L/D (0.5-)0.9-4.5. Zoospores produced in 
culture. 


Habitat and phenology. Plants were found 
throughout the year; water temperature was 7- 
20°C. Most habitats are in the upper Yarra River 
or the middle Yarra region including Olinda and 
Brushy Creeks. 


Taxononiic remarks. There is a eontinuous and 
overlapping range of size classes within this 
group and no further subdivision was possible. 
The group includes plants referable to the size 
groupings labelled Oedogonium sp. 3 and Oedo- 
gonium sp. 4 by Johansson (1982: 19). Some 
collections (c.g. TJE1 337) included isolated fila- 
ments thinner than those of the main Oedogon- 
iuni present, possibly male plants or another 
species, but these were not recorded as separate 
taxa unless large quantities were found. 


Tetrasporaceae (Nägeli) Wittrock 1872: 28 
(nom. eons., see Silva 1980: 40, 101). 


Coccoid cells arranged in mucilage, not con- 
fluent. Reproduetion by zoospores or fusion of 
isogametes. 
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Key to genera of Tetrasporaecac 


1. Cells irregularly arranged in eumulous eolony 
— Cells in parallel rows in ribbon-like sheets 


Palmellopsis Korshikov 1953: 75. Bourrelly 
1966: 100. Bold & Wynne 1985: 120. 


A monotypie genus with irregularly arranged, 
apparently unwalled eells in homogeneous, 
eumulous mueilage; eells with eup-shaped ehlor- 
oplast, one large pyrenoid and two eontraetile 
vaeuoles; cells without flagella or flagella-like 
appendages. 


Palmellopsis gelatinosa Korshikov 1953: 75, fig. 
18. Bourrelly 1966: pl. 16, fig. 7. 


Distribution. Ukraine (Korshikov 1953), USA (Bold & 
Wynne 1985); Yarra River eatehment (Fig. 13D). 


Specimens examined. Site 21: TJE1142; site 26: 
TJE854, TJE1421;site 29: TJE1152; site 33: TJE1248; 
site 49: TJE910;site 83: ТЈЕ1035, ТЈЕ 1068, TJE1425, 
TJE1447; site 106: TJE1400. 


Plants forming irregular elumps to about 100 
mm in diameter on roeks; eells subglobose to 
ellipsoid, 6-11 um long, 5-10 pm in diameter, 
L/D 1-1.5, usually arranged irregularly but in 
pairs or tetrahedrons when dividing; in eulture, 
mueilaginous “halos” elearly distinguishable. 
Reproduetion by flagellate spores not seen. 


Habitat and phenology. Plants were found in spr- 
ing, summer and autumn; water temperature 
was 9-15°C. P. gelatinosa oeeurs sparsely 
throughout the upper part of the eatehment but 
in large quantities in Coranderrk Creek, Heales- 
ville, and in the Yarra River at Millgrove. The 
isolated plants found at other sites presumably 
are eapable of dominating a habitat under suit- 
able eonditions. The speeies seems to favour 
high light levels but eool temperatures, as does 
the elosely related Tetraspora in the northern 
hemisphere. Tetraspora is believed, however, to 
be ineapable of thriving in polluted waters 
(Fjerdingstad 1965), whereas P. gelatinosa was 
originally deseribed from a “puddle with pol- 
luted water" (Korshikov 1953; translated 1987: 
66). 


Taxonomic remarks. There are a number of gen- 
era similar to the eommonly reported stream 
alga Tetraspora exeept that they have no pseu- 
doflagella. The plants studied here have eells 
with no appendages, both in field material and 
in that grown in eulture (DM and 0.1 DM 
media). All previous eolleetions ог“ Tetraspora- 
like" algae from Vietoria have also shown no 


Palmellopsis 
о... Parallela 


inelination to form flagella-like appendages 
(G.T. Kraft, S.C. Dueker, pers. eomms). On this 
basis, the plants are not referred to Tetraspora as 
that genus is currently conceived (e.g. Bold & 
Wynne 1985). 

Palmella Lyngbye differs from the plants de- 
seribed here in not having eontraetile vacuoles 
(Bourrelly 1966). Tetrasporidium Móbius does 
have eontraetile vacuoles but in gross morph- 
ology it has two layers of eells with numerous 
perforations (i.e. a relatively distinet shape: see 
lyengar 1932). The marine genus Pseudotetra- 
spora Wille, 1906 also has no contractile 
vacuoles and the chloroplasts may be stellate. 

Plaeing Palmellopsis in the Tetrasporaeeae 
(see Silva 1979) of the Tetrasporales emphasises 
its eeologieal and phenetie similarity to Tetra- 
spora. 


Parallela Flint 1974: 358. 


A monotypie genus with thallus mueh-divided, 
ribbon-like, mueilaginous, composed of almost 
parallel rows of commonly paired cells; contrac- 
tile vaeuoles, flagella and pyrenoids absent. 
Reproduetion by zoospores. 


Parallela novac-zelandiae Flint 1974: 359. 
Sarma & Chapman 1975: 298. Taylor 1975: 323. 
Sant'Anna et al. 1979: 101, figs 1-11. Reinke 
1983: 22-23, fig. 1. 


Fig. 2 


Distribution. New Zealand, Brazil, USA; Yarra River 
catchment (Fig. 13E). 


Specimens examined. Site 18: TJE1128; site 21: 
TJE832; site 26: TJE852, TJE1422; site 42: TJE1358: 
site 50: TJE912, TJE914, TJE1158, TJE1160, 
TJE1161, TJEI407; site 52: TJE919; site 60: TJE941, 
TJE1199; site 74: TJE1187; site 78: TJE1028; site 81: 
TJE1008; site 88; TJE1037. 


Plants up to 100 mm long, attaehed to roeks or 
free-floating; thallus anastomose, with eells 
arranged loosely in mueilage, usually in pairs 
and rows (Fig. 2B, C), often dividing longitudi- 
nally or laterally; eells ellipsoid (sometimes Па!- 
tened on one side following mitotie division) to 
cubical (Fig. 2B), 5-10 jm long, 2-6 ит in 
diameter, L/D 1-3.5, having a single parietal, 
cup-shaped chloroplast with no pyrenoid, nume- 
rous oscillating granules in eytoplasm. 
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Fig. 2. Parallela novae-zelandiae Flint. A, Anastomosing of biscriate ribbon growth form (TJE1407, scale 20 рт). 
B, Vegetative plants showing arrangement of paired cells in rows (TJE1358, scale 10 pm). C, Regular 
anastomosing (arrow) of shect-like thallus (TJE1128, scale 20 рт). D, Irregular arrangement of cells іп acrated 


culture (TJE1128, seale 20 рт). 


Zoospores obovoid, formed in eulture from 
entire vegetative eell after 24 hours continuous 
darkness. 


Habitat and phenology. Parallela novae-zelan- 
diae occurs in the acidic and soft streams of the 
upper Yarra and Watts River basins in spring, 
summer and autumn, at water temperatures of 
9-16°C. Habitats generally coincide with some 
opening of the eanopy but not with any substan- 
tial eutrophieation. Flint (1974) reported that all 
known habitats in the North Island of New Zea- 
land “appear to be relatively пећ in nutrients", 


whereas Taylor (1975) stated that all South 
Island sites are “probably mueh poorer in 
nutrients". 


Taxonomic remarks. In statie liquid eulture 
media (0.1 DM), the thallus disintegrated and 
formed zoospores. These zoospores developed 
into small, irregularly-shaped masses as 
reeorded by Flint (1974) and Sant'Anna et al. 
(1979). In aerated media (0.1 DM), the normal 
ribbon-like thallus was maintained but the pro- 
duetion of autospores was apparently inhibited. 
The resulting thallus sometimes appeared more 
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disorganised than in field material (i.e. lacking 
the regular pattern of paircd cells; Fig. 2D). 
Vegetative cells were mostly 5-8 um long but in 
some populations (TJE912, TJE914, TJE1 158, 
ТЈЕ1160, TJEl161, TJE1187, TJE1199, 
TJE1407) larger cells, usually 8-12 ит long, 
were arrangcd in pairs of uniseriate or biseriate 
filaments which joined togcther regularly rather 
than in a shcct (Fig. 2A). This morphology is 
similar to that of the cyanophyte Heteroltormo- 
gonium schizodichotomum J.J. Copcland. The 
differencc in habit amongst populations of P. 
novae-zelandiae may be due to physical factors 
such as water velocity which may causc splitting 
of the shcet into narrow units. Reinke (1983) 
found P. novae-zelandiae with cells 8.5-14.0 дтп 
long but with a shcet-like structure similar to 
that reported in the protologue. Consequently, 
thetwo growth forms encountered in the present 
study are not considered worthy of taxonomic 
distinction. 


Ulotriehaceae Kützing 1843: 179, 251. Womers- 
ley 1984: 128. 


Plants of unbranchcd, uniseriate filaments with 
a single parietal, band-shaped chloroplast. 
Reproduction by bi- or quadri- flagellate zo- 
ospores, fusion of biflagcllate gametes, aplano- 
spores or akinetes. 


Remarks. Wherc possible, plants havc been 
referred to threc genera, Klebsormidium, Micro- 
spora and Ulothrix. Thesc are distinguished 
mainly on thc basis of chloroplast shape, the pre- 
sence or absence of pyrcnoids, and zoospore 
morphology. Lokhorst & Vroman (1972: 465) 
warned that “when only a few filaments [of Ulo- 
thrix] have been isolated, no conclusions can be 
drawn regarding the identity of the taxon and 
certainty may only be obtained by culturing”. 
Since it was not feasible to isolate all ulotrichal- 
ean plants in culture, poorly represented taxa are 
cither omitted or included in Ulotrichaccac 
indet. 


A fourth genus, Cylindrocapsa Reinsch, has 
becn found in a pool below the Maroondah Dam 
(TJE168) but as it was not growing in flowing 
water it is not described herc. 


Ulotriehaceae indet. 
Distribution in Yarra River basin. Fig. 13F. 


Specimens examined. Site 9: TJE807; site 27: TJE862 
р.р.; site 28: TJE1348, TJE1418; site 34: ТЈЕ1409: site 
35: TJE882, TJE1250, TJE1251; site 36: TJE885, 
TJE1253 p.p.; site 45: TJE901, TJE1367; site 47: 
TJE905; site 59; TJE933; site 69: TJE962; site 70: 
TJE967; site 108: TJE1376. 


Taxonomic remarks. These collections include 
filaments with a Klebsormidium/Stichococcus 
type chloroplast (unlobed, plate-like, and cover- 
ing less than half the cell circumference) and no 
visible pyrenoid. Most of them werc not isolated 
in culture but, of those which were, some disso- 
ciated fully and may be referable to Stichococ- 
cus, possibly to S. scopulinus Hazen. The cells 
arc generally less than 8 рт in diameter and 
have no obvious pyrenoid. A few (e.g. TJE967, 
TJE905) had a typical Klebsormidium habit in 
thc field. 


Klebsormidium Silva, Mattox & Blackwell 1972: 
643. Bold & Wynne 1985: 159. 

Hormidium Kützing 1843: 244. Smith 1950: 
146. 

Stichococcus auct. non Nägeli. Hazen 1902: 
158, pro parte. 

Chlorhormidium Fott 1960: 149. Bourrelly 
1966: 244. 


Plants consisting of unbranched, uniscriate fila- 
ments with parictal, entire, usually clongatc 
elliptical chloroplast, with one pyrenoid, and 
usually encircling less than half ccll perimeter. 
Asexual reproduction by biflagellate, astigmatie 
zoosporcs, not producing a holdfast when germi- 
nating. 


Key to genera of Ulotrichaceae 


Chloroplast granular, sometimes perforatc, without pyrenoid; H-shaped 


wall structure visible in at least some cells ............. Microspora 
Chloroplast a continuous sheet, with one or more pyrcnoids usually visi- 
ble; no H-shaped wall structure? TT 2 


Chloroplast entire, encircling about half cell perimeter or less, usually 
with one large pyrenoid visible; zoosporcs astigmatic; filaments > 7 ит 
indiametem(ingy агга River basin) seen па Klebsormidium 
Chloroplast lobed longitudinally, encircling morc than half cell peri- 
meter, with one or more pyrenoids; zoospores stigmatic; filaments 
usually < 7 рт in diameter (in Yarra River basin) ........ Ulothrix 
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Remarks. Silva et al. (1972) discussed the no- 
menelature of this genus and their reasons for 
proposing the name Klebsormidium to replace 
Hormidium. Species referable to this genus were 
ineluded in Stichococcus sensu lato by Hazen 
(1902). 


Klebsormidium rivulare (Kützing) Morison & 
Sheath 1985: 130, figs 4-9, 12-15, 19-22. 
Hormidium rivulare Kützing 1845: 192. 
Ramanathan 1964: 84, pl. 3, fig. D, pl. 22, figs 
O-R. 
Stichococcus rivulare (Kiitzing) Hazen 1902: 
167, pl. 22, figs 10-13. 


Distribution. Cosmopolitan; Yarra River basin (Fig. 
13G). 


Specimens examined. Site 8: TJE806; site 26: 
TJEI298, TJEI325, TJE1326, TJEI335 p.p. 
TJE1350; site 27: TJE862 p.p.; site 28: TJE1323, 
TJE1348 p.p.; site 32: TJE875; site 36: TJE1253 p.p., 
TJE1408; site 38: TJE887; site 51: TJE917; site 55: 
TJE1327; site 78: TJE1306, TJE1352, TJE1424; site 
83: TJE1322, TJE1354. 


Filaments with genieulations (“elbows”) and 
mucilaginous holdfast pads; cells 7-15 um in 
diameter, 4-14 рт long, L/D 0.5-2; ccll wall 
0.5-4 рт thick; cells may contain lipid globules 
and ehloroplast shape may be distorted fol- 
lowing stress; ehloroplast parictal, plate-like, 
oval to squarish, usually extending through 
entire eell longitudinally. 

Zoospores astigmatie, rounding up into 
spheres 4-5 шт in diameter, released from a 
lateral opening in zoosporangia. Akinete-like 
cells may bc formed by thickening of walls in all 
vegetative eells. 


Habitat and phenology. Plants were found in 
autumn, winter and spring, at or abovc watcr 
level in rivers; water temperature was 5-15°C. 
K. rivularetolerates desiccation, often appearing 


as dull green dried filaments on exposed rocks. It 
oeeurs throughout the eatchment in the cooler 
months but in mountainous areas can also grow 
inthe warmer months. It seems to tolerate eutro- 
phieation, and also grows in small intermit- 
tently-flowing creeks in the hills. 


Taxonomic remarks. 'The plants deseribcd are 
similar to those identified as K. rivulare by 
Morison & Sheath (1985). Although variation in 
some speeies of the genus has been studicd in 
eulture (Mattox & Bold 1962), thc degree of 
environmental influcnee on the production of 
genieulations has not been evaluated (Mattox & 
Bold did not havc any isolates referable to K. 


rivulare). K. ri vulare differs from the eommonly 
reported species К. flaccidum in the production 
of these genieulations, in its tendency not to 
fragment, and in its riverine rather than terres- 
trial habitat (Hazen 1902, Ramanathan 1964). 
Mattox & Bold (1962) discounted the tendeney 
to fragment as a useful taxonomic charaeter 
within the Ulotriehalcs. Sinee the geniculations 
and rhizoids seem to be produced in response to 
eontaet with the substratum (Hazen 1902), it 
may be possible for a riverine habitat to induee 
sueh structures in K. flaccidum- like plants. 
Ramanathan (1964) noted that К. rivulare has 
eonstrictions at the septa whereas K. flaccidum 
does not. Hazen (1902) rcported these eonstric- 
tions in both speeics, but no aetively growing 
filaments collected in the Yarra River basin had 
any such eonstrietions (under strcss, the thiek- 
ened walls were eonstricted at the septa). 

Morison & Sheath (1985) did not give cell 
measurements for K. rivulare but the filaments 
they illustrated range from 7.5-13 шп in diam- 
cter. Ramanathan (1964) gave 4-11 um for the 
filament diameter of К. rivulare and 5-11 рт for 
K. flaccidum, whereas Hazcn (1902) gave 8-11 
um and 6–9.5 um respeetivcly. All plants defin- 
itely referable to Klebsormidium in the prcsent 
study have filaments grcater than 7 pm in dia- 
meter, those plants with the broadest filaments 
(14-15 рт in diamcter) also having the thickest 
walls (up to 4 рт). Morison & Sheath (1985) 
have shown the effect of the environment on 
wall thiekness and structurc. As no other char- 
aeters eould bc found to distinguish taxa, all 
eollections of Klebsormidium from the Yarra 
River basin have becn included in К. rivulare. 

The distinction ђе сеп K/ebsorniidium and 
other ulotriehalcan algae such as Stichococcus 
scopulinus Hazcn, 1902 are not clear. Despite 
the studies of Mattox & Bold (1962), generic and 
specific coneepts in Klebsormidium and Sticho- 
coccus arc still ill-defined. Some of the popula- 
tions found in the Yarra River basin were 
difficult to classify duc to the deteriorated state 
of thc chloroplast, lack of matcrial to study in 
eulture, or the intermcdiate and variable nature 
of kcy characters. Doubtful identifieations have 
bccn listed above as Ulotriehaceae indet. 


Microspora Thuret 1850: 221. Hazen 1902: 167. 
Smith 1950: 148. Bourrelly 1966: 252. Bold & 
Wynne 1985: 162. 


Plants consisting of unbranehed, usually unat- 
tached, uniseriatc filaments; eells with parietal, 
granular ehloroplast, which is sometimes perfo- 
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rate; pyrenoid lacking; nucleus lying in bridge of 
cytoplasm in middle of cell. Asexual reproduc- 
tion (not seen) by bi- or quadri-flagellate zo- 
ospores and by akinetes. 


Remarks. Some earlier authors (e.g. Collins 
1909) used the name Conferva Linnaeus for this 
genus but Hazen (1902) argued convincingly 
that this is nomenclaturally incorrect. In any 
case, Conferva is now a nom. rejic. (Greuter 
1988: 128). 


Microspora floccosa (Vaucher) Thuret 1850: 
221, pl. 17, figs 4-7. Hazen 1902: 173, pl. 24, figs 


Distribution. Cosmopolitan; Yarra River basin (Fig. 
13H). 


Specimens examined. Site 7: TJE1088; site 14: 
TJE1137; site 26: ТЈЕ856; site 40: TJE1231; site 42: 
TJE894; site 51: TJE1163; site 52: TJE919; site 74: 
TJE974; site 101: TJEI364, TJE1366; site 115: 
TJE1389. 


Cells 10-18 рт in diameter, 12-100 рт long, 
L/D 1-5.5; cell walls usually about 1 рт thick 
but upto 4 um; H- shaped wall structure usually 
barely visible in intact filaments. 


Habitat and phenology. Plants were usually 
tangled amongst othcr filamentous grcen algae 
in spring and autumn; water temperature was 7— 
13°C. Most sites are in little-polluted upper and 
middle Yarra tributaries. 


Taxonomic remarks. As akinetes were not seen, 
the plants described could be referable to 
Microspora willeana Lagerheim, as described by 
Hazen (1902). M. floccosa, however, is a com- 
mon species worldwide and the older name of 
the two (they may be only growth forms of the 
one taxon). Species distinguished by thicker 
walls, such as M, willeana, must be reconsidercd 
following the finding that stress generally pro- 
duces thicker cell walls in filamentous green 
algae (see Morison & Sheath 1985). 


Ulothrix Kützing 1833: 517. Hazen 1902: 145. 
Smith 1950: 142. Mattox & Bold 1962: 19. Bour- 
relly 1966: 240. Lokhorst & Vroman 1972: 449. 
Bold & Wynne 1985: 158. 

Horniiscia Areschoug 1866: 12. 

Uronema Lagerheim 1887: 517. 


Plants consisting of unbranched, uniseriate fila- 
ments with a parietal chloroplast; chloroplast 
with lobed or wavy longitudinal edges, often 
with more than 1 pyrenoid, at least in older cells, 
encircling more than half the cell perimeter. 


Asexual reproduction by quadriflagellate, stig- 
matic zoospores which, in some spccies, germi- 
nate to produce a holdfast. 


Remarks. Hazen (1902) and Mattox & Bold 
(1962) discussed the synonymy of Ulothrix with 
Hormiscia and Uronema respectively. 


Ulothrix subtilis Kiitzing 1845: 197; emend. 
1849: 345. Lokhorst & Vroman 1972: 456, figs 3. 
4. 

Ulothrix subtilissima Rabenhorst 1863: 263. 
Ramanathan 1964: 37, pl. 3M. 


Distribution. Cosmopolitan; Yarra River basin (Fig. 
131). 


Specimens examined. Site 9: TJE8 13; site 11: TJE825; 
site 26: TJE1335 p.p.; site 28: ТЈЕ1328, ТЈЕ1348 
p.p. 


Cells 3-8 рт in diameter, 3-23 um long, L/D 
0.5-6, terminal cell of young (2-4 celled) fila- 
ments acutc but becoming rounded with age; 
chloroplast covering morc than half of cell per- 
imcter, somctimes entire perimeter, with 1—4 
pyrenoids; attachment to substratum by gelati- 
nous secretion from basal cell; cells may separate 
following nutrient depletion of media, some- 
times fully dissociating; storage products accu- 
mulating in older filament, obscuring chloro- 
plast. 

Akinetes cllipsoid to spherical, 8-10 рт in 
diamcter, 8-13 um long, produced singly, or in 
series. Quadriflagellate zoospores ovoid, 6-8 
шп in diameter, 8-14 рт long, with red 
stigma. 


Habitat and phenology. Found in late winter and 
carly spring; water temperaturc was 8-13*C. The 
habitats show apparent ecological disparity, 
ranging from the upper Yarra to the lower 
rcaches of Merri Creek. Although Biggs & Price 
(1987) found U. zonata in New Zealand streams 
with low conductivity, Fjerdingstad (1964) and 
Benson-Evans ct al. (1975) reported that some 
populations of U. zonata can be pollution toler- 
ant. In Australia, Chessman (1982) found Ulo- 
thrix sp. in the north-western part of the Latrobe 
River basin, where water quality was gencrally 
high but some sites had elevated nitrate levels. 


Taxonomic remarks. The plants were identified 
to species by using the criteria of Lokhorst & 
Vroman (1972, 1974a, 1974b), who defined U. 
subtilis as lacking a morphologically specialised 
holdfast but secrcting an adhesive gelatinous 
layer from the basal cell. The cells in the Yarra 
River basin material are comparable in size with 


YARRA RIVER MACROALGAE 


those found in U. snbtilis by Lokhorst & Vroman 
(1972) but sometimes have more than 2 pyrc- 
noids, whcreas Lokhorst & Vroman found only 
1 or 2. The zoospores in the Yarra River basin 
plants are also a little larger than those found by 
Lokhorst & Vroman. 

In TJE1328 the chloroplasts were degraded 
and pyrenoids broken down. An isolate cultured 
from this collection, howcver, produced typical 
Ulothrix chloroplast shape and zoospores. Lok- 
horst & Vroman (1972) reported similar changes 
in chloroplast morphology in Ulothrix species. 
Other collections from the Yarra River basin 
may have included similar filaments not recog- 
nizable as Ulothrix. These may have been 
included with a dominant mixed species such as 
Klebsormidium rivulare, or grouped with Ulotri- 
chaceae indet. (see above). 


Ulvaceac Lamouroux ex Dumortier 1822: 72, 
102. Womersley 1984: 135. 


Remarks. Only one genus of this family is repre- 
scnted in the Yarra River basin. 


Enteromorpha Link 1820: 5 (nom. cons.). 
Womersley 1984; 151. 


Thallus branched or unbranched, tubular or 
compressed sheet; chloroplasts one per cell, par- 
ietal, laminate or cup-shaped, with 1-4 pyre- 
noids. 


Enteromorpha aff. prolifera (O.F. Miiller) J. 
Agardh 1883: 129. Koeman & van den Hoek 
1982: 118, figs 34-38, 41. Womersley 1984: 156, 
figs 48D, 49H. 


Distribution. Cosmopolitan, freshwater and marine; 
Yarra River basin (Fig. 13J). 


Specimen examined. Site 13: TJEI436. 


Plant bright grcen, probably filiform to tubular 
when young, finally becoming a ruffled com- 
pressed sheet, 300 mm long, 50 mm wide and 
about 50 pim thick; thallus appears distromatic 
but the two layers can be separated (best seen 
under a dissecting microscope); cells mostly in 
curved short rows or groups of 4-8 but some- 
times irregularly arranged; cells quadrilateral in 
surface view, variously shaped, closely packed, 
7-20 um long, 5-10 рт in diameter, L/D 1-3; 
chloroplasts laminate, spherical to oval, cover- 
ing outer periphery of cell, with 1(—2) large pyre- 
noid(s). 


Habitat and phenology. One unattached plant 
was found twisted around a rock in late spring; 
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water temperature was 21°C. The lower Merri 
Creck is eutrophic with high pH and conductiv- 
ity (Victoria, EPA 1983). 


Taxonomic remarks. The Merri Creek plant is 
tentatively referred to Е. prolifera. The membra- 
nous fragment found has a similar cell arrange- 
ment and morphology to plants found in the 
Korkuperrimul Creck at Bacchus Marsh, in the 
Werribce River basin (MELU 24001, TJE1 505, 
TJEI506). The Korkuperrimul Creek plants аге 
referable to E. prolifera on the basis of cell shape 
and arrangement, chloroplast position in cell 
(i.e. not forming an apical cap), pyrenoid num- 
ber and branching pattern. The Korkuperrimul 
Creek plants change with growth, from profu- 
sely-branched and filiform (with cells usually in 
longitudinal rows) to large, little-branched, 
membranous sheets (with some small filiform 
secondary branches sometimes remaining). The 
Merri Creck fragment may bc part of a mature 
plant of the same species. An unidentified 
Enteromorpha species has been found in Edgars 
Creck, a tributary of Merri Creek (J. Saunders, 
EPA, pers. comm.), and the present fragment 
may have been dislodged from plants farther 
upstream. 

The plants from Merri and Korkuperrimul 
Creeks resemble species of Ulva (not known 
from fresh watcr) in having two adnate layers in 
the sheetlike thallus. Afonostronia also includes 
plants with a membranous thallus, which in that 
genus, however, is monostromatic. Monostroma 
expansa West (in Hardy 1906) was originally 
described from a pool at Burnley, near the Yarra 
River, and later found also in the Werribee 
River (Hardy 1938). Although the syntypes are 
fragmentary (Entwisle 1989a, fig. Ib) and the 
cell arrangement and shape are not unlike those 
in Enteromorpha prolifera, the thallus is clearly 
monostromatic and not consisting of two closely 
adhering layers. 


Zygnemataceae Kützing 1843: 173, 274. 


Filaments unbranched; chloroplasts, if parietal, 
ribbon-shaped and often spiralled, or if axial, 
plate-like or globose to stellate and in pairs; pyre- 
noids large and prominent. Reproduction by 
conjugation. 


Taxonomic rentarks. The delincation of genera 
within subfamilies is based on features of the 
reproductive structurcs, such as zygospore wall 
structure and the presence or absence of a con- 
jugation tube. Where reproductive material was 
not available in the present study, groups of pop- 
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Key to subfamilies of Zygnemataceae 


1. Chloroplasts axial, globose to stellate, two per cell ....Zygnemoideae 
— Chloroplasts elongate, опе or тапу рег cell, extending through most of 
Се ИИИ ОТНИ ТОННИ 2 

р Chloroplasts axial and laminate, usually опе рег cell .............. 
МОРЕТО os ts se ee ee, ое, Mougeotioideae 

— Chloroplasts one or more, thin, spiral or longitudinal ribbons ....... 
оноо нн ГОО Spirogyroideac 


ulations have been delimited. These groups are 
given no formal taxonomic recognition (even as 
“organ” or “form” species; Greuter ct al. 1988), 
because a series of worldwide vegetative taxa 
(probably necessarily based on overlapping 
characters) in parallel with the species based on 
fertile material would eventually confuse rather 
than enhance the classification of the Zygnema- 
taceae. As with the Oedogoniaceae, the group- 
ings are derived from practical disjunctions in 
the populations examined. Therc is no evidence 
that the groups found in thc Yarra River basin 
include the same specics as those found, for 
example, by Israclson (1949) in Sweden. It 
seems more uscful to apply a loeal informal 
name to facilitate ecological studies in each geo- 
graphical region. 


Mougeotioideae Randhawa ex Entwisle subf. 
nov. 


Mougeotioideae Randhawa 1959: 25 (nom. 
nud.). 


Type genus. Mougeotia C. Agardh. 


Cells with axial, planar, subrectangular chloro- 
plast(s), generally with pyrenoids, rotating 
around central long axis in rcsponse to light. 


Cellulae chloroplast-o(-is) axiali, plano, subrec- 
tangulari plerumque pyrenoidibus, qui eircum 
axcm longem rotatur. 


Remarks. A Latin diagnosis is provided here to 
legitimise thc name proposed by Randhawa 
(1959). The cireumscription of this subfamily is 
similar to that proposed for the gcnus Mougeotia 
by Czurda (1932: 56) and for the subfamily 
Mesocarpoidcae West (1916: 325). The name 
Mesocarpoideac is invalid, however, because it 
is based on Mesocarpus Hassall, a superfluous 
name for Mougoeotia (for the interpretation of 


thc IBCN in a similar case, see Silva 1979: 
34). 

Most species in the subfamily are included in 
Mougeotia. 


Mougeotioideae (Slender-Filament Group) 
Distribution in Yarra River basin. Fig. 14A. 


Specimens examined. Site 26: TJE1298 p.p.; site 45: 
TJE1367; site 47: TJE905; site 50: TJE1160; site 54: 
TJE1168; site 108: TJE1376; site 115: TJE1387, 
TJE1388. 


Cells 7-15 рт in diameter, 35-140 um long, 
L/D 3.5-20; chloroplast single, sometimcs con- 
strictcd in middlc (at nucleus), usually with 3-4 
large pyrenoids. 


Habitat and phenology. Plants werc found on 
rocks in autumn, winter and spring; water 
temperature was 9-15°C. All sites are in the 
relatively pristine upper Yarra and Watts 
catchments. 


Taxonomic remarks. This group is similar to 
Mougeotia a of Israelson (1949: 330). 


Mougeotioideae (Broad-Filament Group) 
Distribution in Yarra River basin. Fig. 14B. 


Specimens examined. Site 11: TJE825; site 26: 
TJE1298 p.p.; site 28: TJE1323; site 61: TJE948; site 
79: TJE1218; site 103: TJE1395; site 106: TJE1402: 
site 117: TJE1411. 


Cells 15-20 um in diameter, 44-144(-260) um 
long, L/D 2.3-9(-14); chloroplast single, usually 
with 4-6 large pyrenoids. 


Habitat and phenology. Plants were found in 
autumn, winter and spring; water tcmperature 
was 7-20°C. This group was found in similar 
habitats to the Slender-Filament Group but was 
also present in a few sites that were more eutro- 
phic. 


Key to vegetative groups of Mougeotioidcae 


l. Cells < 15 рт in diameter .. 
— Cells > 15 jm in diameter .. 


н... OO Slender-Filamcnt Group 
n ART Broad-Filament Group 
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Taxonomic remarks. This group is similar to 
Mougeotia b of Israelson (1949: 330). 


Spirogyroideae West 
1 959: 26. 


Cells with one or more parietal, ribbon-shaped 
(with wavy margin), parallel, slightly eurved or 
spiral ehloroplasts around periphery; pyrenoids 
many, nucleus central in eell. 


1916: 347. Randhawa 


Spirogyroideae (Squat-Cell Group) 
Distribution in Yarra River basin. Fig. 14D. 


Specimens examined. Site 18: TJE837; site 16: 
TJE1090, TJEI122; site 26: TJE857, TJE1105, 
ТЈЕ1213, TJEI420, TJE1439; site 62: TJE950, 
TJE1195; site 78: TJE990, TJEI107 p.p.; site 79: 
TJE998, TJE999, TJEI000; site 83: TJE993 p.p., 
TJE1034, TJEI116, TJE1342, TJEI426, TJE1446. 


Cells 40-52 рт in diameter, 16-56 um long, 
L/D 0.4-1.3(-2.0), with single ehloroplast; septa 
planar; rhizoids not seen. 


Habitat and phenology. Plants were found in spr- 
ing, summer and autumn; water temperature 
was 10-17°C. Most habitats are well-lit, little- 
polluted stretehes of the Yarra River and tribu- 
taries. 


Taxonomic remarks. This group is similar to 
that deseribed as Spirogyra b by Israelson (1949: 
343). It is also similar to S. varians as deseribed 
below, and most speeimens are probably refera- 
ble to that speeies. Some speeimens of the Squat- 
Cell and Elongate-Cell groups may represent 
plants of the same speeies at different ages. 


Spirogyroideae (Elongate-Cell Group) 
Distribution in Yarra River basin. Fig. 14E. 


Specimens examined. Site 18: TJE1126; site 19: 
TJEI132; site 23: TJEIO94; site 25: TJE1149, 
TJE1189; site 26: ТЈЕ1056, TJEI281, ТЈЕ1317, 
TJE1438; site 28: TJE1054, TJE1 102, TJE1211, 
TJE1277, TJE1295, TJE1324, TJE1329, ТЈЕ1417, 
TJE1437; site 31: ТЈЕ1212; site 56: ТЈЕ1078; site 78: 
TJE1062, ТЈЕ1 107 p.p., TJE1285, TJE1443; site 83: 
TJE993 p.p., TJEI224, TJEI289. 


Cells 40-50 um in diameter, 50-250 um long, 
L/D 1-5, with 3-4(-6) chloroplasts; septa 
planar; rhizoids and holdfasts often present. 


Habitat and phenology. Plants were found 
throughout the year but most eommonly in 
autumn; water temperature was 7-18°С. This 
group has a distribution in the Yarra River basin 
similar to that of the Squat-Cell Group exeept 
that it is also found in the polluted Gardiner's 
Creek. 


Taxonomic remarks. This group is similar to 
Spirogyra e deseribed by Israelson (1949: 344), 
and like that group most members are probably 
referable to S. fluviatilis Hilse. 


Spirogyroideae (Medium-Filament Group) 
Distribution in Yarra River basin. Fig. 14Е. 


Specimens examined. Site 4: TJEI087; site 7: 
TJE1089; site 14: ТЈЕ 1135; site 17: TJE1372; site 21: 
TJE1145; site 43: TJE1256;site 44: TJE1241; site 100: 
TJE1273 p.p. 


Cells 64-100 рт in diameter, 24-280 um long, 
L/D 0.3-3.5, often slightly barrel-shaped, with 
(3-)7-8 ehloroplasts; septa planar; rhizoids not 
seen. 


Habitat and phenology. Plants were found in 
autumn and spring; water temperature was 11- 
14°C. Habitats are diverse but mostly streams 
with some eutrophieation. 


Key to species and vegetative groups of Spirogyroideae 


I? Plants eonjugating, zygospores ргодиееа........................ 2 
— Plants vegetative only, conjugating eells lacking ................. 3 
24 Zygospores lentieular, > 55 um long......... Spirogyra submaxima 
— Zygospores ellipsoid, < 55 рт long ............. Spirogyra varians 
3} Septa replieate (i.e. with eireular infold оп seeondary walls) ........ 

осоо он c Replieate-Septum Group 
— septa plana s S LS I I oso ers sce Nc 4 
4. Euamentse«so0'nmtinidiameteree | | en TETTE 5 
= Filaments > 60 um іп фШатејег............................... 7 
5 Filaments < 30 рт in diameter ........... Slender-Filament Group 
— kiamentsE&-a30iimlin diameter an 6 
6. One ehloroplast per cell; ее L/D generally < 1 ...Squat-Cell Group 
— More than one ehloroplast per eell; eell L/D > 1 Elongate-Cell Group 
JA Filaments < 100 рт in diameter......... Medium-Filament Group 


Filaments > 100 рт in diameter........... Broad-Filament Group 
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Taxonomic | remarks. Two populations, 
TJE1145 and part of TJE1273, had only 3 chlor- 
oplasts rather than 7-8 as in all othcr popu- 
lations. Those plants with many chloroplasts are 
similar to Spirogyra d described by Israelson 
(1949: 348). Some are also probably referable to 
S. submaxima as described below. 


Spirogyroideae (Rcplicatc-Septum Group) 
Distribution in Yarra River basin. Fig. 14G. 


Specimens examined. Site 27: TJE1333; site 31: 
TJE870. 


Cells 25-35 um in diameter, 70-230 um long, 
L/D 3-8, with 1 chloroplast; septa replicate 
(with circular infolds of secondary walls); 
rhizoids not seen. 


Habitat and phenology. Plants were found in 
winter and spring; water temperature was 7- 
15°C. Both sites are in well-lit stretches of water 
in the Upper Yarra region. 


Spirogyroideae (Broad-Filament Group) 
Distribution in Yarra River basin. Fig. 14G. 
Specimen examined. Site 48: TJE906. 


Cells about 160 рт in diameter, 176 рт long, 
L/D 1.1, with 7-11 chloroplasts; septa planar; 
rhizoids not seen (plants free-floating). 


Habitat and phenology. Plants were found in 
spring; water temperature was 15*C. These 
plants may be more typical of lotie than lentic 
environments. 


Taxonomic remarks. This group is similar to 
Spirogyra € described by Israclson (1949: 349) 
and alsoto S. maxima but reproductive material 
is needed to confirm its identity. 


Spirogyroideae (Slender-Filament Group) 
Distribution in Yarra River basin. Fig. 14G. 
Specimen examined. Site 100: TJE1273 p.p. 


Cells 24-28 рт in diameter, 28-72 рт long, 
L/D 1-3, with 1 chloroplast; septa planar; 
rhizoids not scen. 


Habitat and phenology. Plants were only found 
in the lower Yarra River in autumn. 


Taxonomic remarks. This group is similar to 
Spirogyra a described by Israelson (1949: 
343). 


Spirogyra Link 1820: 5 (nom. cons.). Transeau 
MS a UL. NAS, 


Chloroplast usually spiral, one or more per cell. 
Conjugating tube present, formed by one or both 
gametangia. 


Remarks. Spirogyra includes most of the dc- 
scribed species in Spirogyroideae. 


Spirogyra submaxima Transeau 1914: 295, pl. 
27, figs 3-4; 1951: 191. Randhawa 1959: 345, 
fig. 349. Gauthier-Liévre 1965: 158, pl. 57, fig. 
B. Kadtubowska 1984: 325, fig. 508. 


Distribution. Asia, Africa, America: Yarra River basin 
(Fig. 14C). 


Specimen examined. Site 44: TJE1316. 


Cells 68-100 um in diameter, 110-280 um long, 
L/D 1.5-3.5, with 7—9 chloroplasts; septa pla- 
nar. Conjugation scalariform (involving entire 
filament), tubes formed by both gamctangia; 
sporc-bearing cells inflated; zygospores Icnticu- 
lar (elliptical or circular in optical cross-section), 
smooth-walled, brown, (56-)72-80 рт in 
diameter in circular cross-section, 52-55 um in 
diameter in elliptical cross-section. 


Habitat and phenology. Plants were found in 
autumn; water temperature was 9°C. See Spiro- 
gyroideae (Medium-Filament Group) for habi- 
tat details. 


Taxonomic remarks. These plants are concor- 
dant with those described in the protologue of S. 
submaxima. Hoshaw ct al. (1987) found that a 
"species complex" of S. maxima (Hassall) 
Kützing had a large range in vegetative cell dia- 
meters (106-192 um), and concluded that 5. 
maxima and S. submaxima may not be distinct 
species. Nevertheless, the Yarra River basin 
populations have thinner filaments and are ten- 
tatively retained in S. submaxima until species 
concepts in Spirogyra are clarificd. Hoshaw et al. 
(1987) also pointed out that under scanning clec- 
tron microscopy the mesospore wall in 5. sub- 
maxima is pitted like that of S. maxima. but in 
the present study only light microscopy was used 
and the outer wall appeared smooth. 


Spirogyra varians (Hassall) Kiitzing 1849: 439. 
Transeau 1951: 153, pl. 22, fig. 1. Randhawa 
1959: 297, fig. 256. Gauthier-Lievre 1965: 163, 
pl. 61. figs Aa-a". Kadtubowska 1984: 288, fig. 
443. 


Distribution. Cosmopolitan; Yarra River basin (Fig. 
14C). 


Specimens examined. Site 79: TJE1048; site 83: 
TJE1034, TJE1347. 
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Cells 32-45 рт in diameter, 16-72 рт long, 
L/D 0.5-2.0, sometimes swollen, with | chloro- 
plast; septa planar; rhizoids sometimes present. 
Conjugation sealariform, tubes formed by both 
gametangia; spore-bearing eells usually inflated 
on eonjugating side; zygospores ellipsoid, 
smooth walled, yellow, 28-32 um in diameter, 
44-52 um long, L/D 1.2-1.8. 


Habitat and phenology. Plants were found in spr- 
ing and summer; water temperature was 7-1 SC. 
All habitats are in the Yarra River near Warbur- 
ton (see also Spirogyroideae (Squat-Cell Group) 
distribution). 


Taxonomic remarks. The plants from the Yarra 
River basin are similar to those deseribed by 
Transeau (1951). All have ellipsoid zygospores 
borne in eells inflated on the conjugation side, a 
single chloroplast per eell, and similar gencral 
dimensions of filaments and zygospores. 

The confusing use of the term “ovoid” by 
Transeau (1951) and Randhawa (1959) to mean 
“watermelon shaped” rather than “egg shaped” 
should be noted. The term “ellipsoid” was re- 
stricted by Transeau to the meaning "Ameriean 
football shaped" but is used here for any surface 
whose plane seetions are ellipses or circles. 


Zygnemoideae. West 1916: 343. Randhawa 
1959: 26. 


Cells with more than ! (usually 2) axial, globose 
to stellate chloroplasts, sometimes with irregular 
proeesses; 1 large pyrenoid per ehloroplast. 


Taxonomic remarks. Zygnemoideae includes 
the type genus of the family Zygnemataceae and 
is therefore an autonym (requiring no autho- 
rity). Most speeies are ineluded in the genus 
Zygnema. 


Zygnemoideae (Vcgetative Group) 
Distribution in Yarra River basin. Fig. 14H. 


Specimens examined. Site 4: TJE814; site 8: TJE806, 
ТЈЕ809; site 28: TJE1323; site 50: TJE914, TJE1158, 
TJE1160; site 51: TJE1163; site 117: TJE1411. 


Cells 18-28 um in diameter, 16-64 рт long, 
L/D 0.9-2.2; with two axial ehloroplasts, globu- 
lar or stellate (with radiating processes). 


Habitat and phenology. Plants were found in 
autumn, winter and spring; water temperature 
was 7-13°C. Representatives are distributed 
widely around the eatehment but arc not gener- 
ally common. Most sites arc oligotrophic but the 
genus can apparently withstand some eutrophi- 
cation (e.g. TJE814 in lower Diamond Creek). 


Taxonomic remarks. 'This group is similar to 
Zygnema a and Zygnema b of Israelson (1 949: 
338, 340). 


Chrysophyta 
Chrysocapsaceae Pascher 1912: 175, 198. 


Remarks. This family is represented in the Yarra 
River basin by only one maeroalgal genus. 


Tetrasporopsis (De Toni) Lemmermann 1899: 
103. Schmidle 1902: 158. Bourrelly 1968: 64. 


Plants consisting of a rubbery sae adhcring at 
base to substratum (e.g. tree roots); cells in an 
outer layer of homogeneous, gclatinous matrix; 
chloroplasts golden-brown, parietal, 2-4 per 
cell. 


Tetrasporopsis fuscescens (A. Braun ex Kützing) 
Lemmermann 1899: 103. Schmidle 1902: 159. 


Distribution. Europe; Yarra River basin (Fig. 141). 


Specimens examined. Site 42: TJE896, TJE1357; site 
53: TJE922. 


Plants eumulous, yellow to brown, to 20 mm in 
diameter; cells enelosed singly or in pairs, in 
mueilage 1-2 џт thiek, closely paeked; eells 
walled, spherieal, 5-11 рт in diameter, with 
2-4 eup-shaped ehloroplasts; pyrenoids and 
eontraetile vaeuoles absent. Reproduction un- 
known. 


Habitat and phenology. Plants were found in 
spring only; water temperature was 10-11°C. 
The streams were surrounded by farmland. 


Taxonomic remarks. The morphology and 
arrangement of cells in the thallus correlates well 
with the plants deseribed as 7. fuscescens by 
Tsehermack-Woess (1980). There has been 
some dispute in the literature over whether 
Tetrasporopis has eell walls but Dr R. Andersen 
(pers. eomm.) has reeently discovered that the 
type material of 7. fuscescens does have walled 
eells, supporting the conelusions of Tsehermaek- 
Woess (1980). 

Tetrasporopsis is similar maeroseopically to 
Palmellopsis and Tetraspora (Chlorophyta) but 
the thallus is more rubbery, the cells are morc 
densely paeked and arranged in an outer layer 
rather than throughout the thallus, and the plant 
is brown rather than grass-grcen. 

As pointed out by Lund (1960) and Bourrelly 
(1968), the laek of knowledge about motile 
spores in this, the type species of the genus, 
makes affinities uncertain. No spores were 
found in the present study. 
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Tribonemataceae Pascher 1912: 18 (as Tribo- 
nemaceae). 


Remarks. Only one genus of this family was 
found in the Yarra River basin. 


Tribonema Derbes & Solier in Castagne 1851: 
96. Smith 1950: 397. Ettl 1978: 438. Bold & 
Wynne 1985: 435. 


Plants consisting of unbranched uniseriatc fila- 
ments, with oil rather than starch as a storage 
product; cells with L/D generally greater than 2; 
chloroplast single to many, discoid, yellow- 
green, usually with no pyrenoid. Cells breaking 
into H-shaped pieces to rclease zoospores or iso- 
gametes. 


Tribonema minus (Wille) Hazen 1902: 185, pl. 
25, figs 7, 8. Starmach 1968: 334, fig. 472. Ettl 
1978: 449, fig. 553. 


Distribution. Cosmopolitan; Yarra River basin. 


Specimens examined. Site 26: TJE1298; site 83: 
TJE1322. 


Cells cylindrical or very slightly constricted at 
septa, 5.5-8 um in diameter, 18-26 um long, 
L/D 2.5-4.5; cell walls thin with no distinct H- 
shaped wall pieces; chloroplasts parietal, dis- 
coid, 2 wrapped laterally around cell, sometimes 
attached in middle, with no pyrcnoids. Zoospo- 
rangia not seen. 


Habitat and phenology. Plants wcre found in 
winter; water temperature was 7-10*C. Both 
sites are in the Yarra River near Warburton but 
this species is probably more widespread in lotic 
or semi-terrestrial environments. 


Taxonomic remarks. Tribonema minus is distin- 
guished from the other species of the genus in 
having two chloroplasts in relatively squat cells 
less than IO jtm in diameter (Ettl 1978, Hazen 
1902). 


Vaucheriaceae S.F. Gray 1821: 288 (as Vaucher- 
ideae; corr. Dumortier 1822). 


Remarks. Only one genus of this family was 
found aquatically in the Yarra River basin. 


Vaucheria de Candolle 1801: 20. Entwisle 1988: 
12 


Distribution in Yarra River basin. Fig. 14). 


Plants consisting of aseptate, branched siphons 
tangled in a mat, sometimes with short erect por- 
tions; chloroplasts discoid, numerous in per- 
ipheral cytoplasm. Sexual reproduction by 
fusion of sperm (from usually tubular male 
gametangium) with oogonium; oospore usually 
with resistant wall. 


Remarks. Only plants growing in flowing water 
are considered here, although the same popula- 
tions will commonly bc emergent for some part 
of the season. For descriptions and keys to 
terrestrial specics, as well as full descriptions of 
the species recorded in the present study, see 
Entwislc (1988; note that most of the records 
from the Yarra River basin in that publication 
are not fully aquatic). All plants were sterile 
when collected (as is usual for Vaucheria in 
flowing water) but many produced gametangia 
in a “crude” culture (i.e. kept moist in а petri- 
dish). 


Habitat and phenology. Vaucheria spp. arc 
found in slightly polluted streams and rivers. 
Although the genus is widely distributed on 
muddy banks where there is some nutrient 
input, it tends not to occur aquatically in highly 
polluted urban creeks. If it is found in large mats 
in flowing watcr it is gencrally indicative of an 
"intermediate" level of eutrophication. It grows 
in slow-flowing, shallow water habitats in the 
Yarra River from Dight’s Falls to Warburton. In 
urban creeks dominated by Cladophora and Sti- 
geoclonium it is usually not found aquatically. 


Key to species of Vaucheria 


| 


(рате1орһоге) 


A) ер 


distal prominence 


ee | n ng 


Oogonia sessile on vegetative Siphon ........................... 2 
Oogonia and male gametangia terminal on lateral, bisexual siphon 
Male gametangia circinate, on short pedicel ............. 

Male gamctangia mostly straight, not pediccllatc .......... 
Oogonia erect (directed away from vegetative siphon) .. 
Oogonia pendent ............ 


V. geminata 


Oogonia almost radially symmetrical around oogonial pedicel, with no 
гот ee LIU ME V. uncinata 
— Oogonia bilaterally symmetrical, with distal prominence . 


...V. prona 


YARRA RIVER MACROALGAE 31 


Presumably it cannot tolerate extreme eutrophi- 
cation (perhaps toxic metals rather than high 
nutrient levels) but requires a substantial input 
of nutrients for growth. The distribution of Vau- 
cheria is closely linked with agricultural land 
use, particularly in Diamond Creek (Consulting 
Environmental Engineers 1986). 


Vaucheria aversa Hassall 1843: 429. Entwisle 
1988: 57, figs 105-108. 


Distribution. Cosmopolitan; Yarra River basin (Fig. 
15B). 


Specimens examined. Site 26: TJE1346. ° 


Oogonia globose, with apex reflexed towards 
siphon; oospores globose to ellipsoid, leaving 
distal and peripheral oogonial cavity when 
maturc. Male gametangia reflexed at base, orien- 
E parallel to siphon, fusiform to cylindri- 
cal. 


Habitat and phenology. Plants were found in 
winter; water temperature was 8°C. V. aversa is 
relatively common in mountain areas of Vic- 
toria (Entwisle 1988) but is not usually fully 
aquatic. 


Vaucheria bursata (O.F. Müller) C. Agardh 
1811: 21. Entwisle 1988: 14, figs 6-14. 


Distribution. Cosmopolitan; Yarra River basin (Fig. 
15A). 


Specimens examined. Site 11: TJE872; site 17: 
TJE1125; site 22: TJE936; site 37: TJE1 190, TJE1278; 
site 42: TJE940; site 78: TJE1345; site 83: TJE1050, 
TJE1067, TJE1359; site 91: TJE1406; site 101: 
TJE1365. 


Oogonia ovoid to ovoid-reniform, usually ses- 
sile on siphon; oogonial walls smooth; oosporc 
walls evenly textured. Male gametangia pcdicel- 
late, less than 100 рт long, turning through less 
than a full circle and similar in size and shape 
throughout the plant. 


Habitat and phenology. This is the most com- 
mon Vaucheria species throughout the year in 
the Yarra River basin; water temperature was 7– 
18°C. Fjerdingstad (1965) stated that V. bursata 
is capable of thriving in polluted water but is 
generally found in other than polluted habitats. 
Like Cladophora glomerata, it grows naturally in 
streams that arc more alkaline than those in the 
upper Yarra catchment. Nevertheless, the spe- 
cies is widespread in the upper and middle Yarra 
regions. 


Vaucheria geminata (Vaucher) de Candolle in 
Lamarck & de Candolle 1805: 62. Entwisle 
1988: 41, figs 66-71. 


Distribution. Cosmopolitan; not common in Victoria; 
Yarra River basin (Fig. 15B). 


Specimen examined. Site 15. TJE831. 


Gametophores with erect oogonia borne on 
almost straight oogonial pedicels making an 
acute angle with peduncle. Male gametangia 
monoporic, borne on erect pedicels which are 
curved only distally. 


Habitat and phenology. Plants were found in 
spring; water temperature was 11°С. They were 
found in a clean mountain stream (Ca 16.8 
mg/L, Mg 1.2 mg/L) similar to thc previously 
recorded habitats of V. geminata in Victoria 
(Entwisle 1988). 


Taxonomic remarks. The population studied 
had gametophores with 2-3 oogonia and sup- 
ports thc synonymy of V. taylorii and V. gemi- 
nata proposed by Entwisle (1988). The name V. 
geminata is used in the absence of any clearly 
defined taxon that has erect oogonia and can be 
distinguished from V. taylorii and the plants 
found in thc present study. 


Vaucheria prona Christensen 1970: 250, figs 1,2. 
Entwisle 1988: 48, figs 82-90. 


Distribution. Cosmopolitan; Yarra River basin (Fig. 
15B). 


Specimens examined. Site 17: TJE1125; site 22: 
TJE936, TJE1194. 


Gametophorcs with 1 or more, usually pendent, 
oogonia less than 100 рт long (if only 1 oogon- 
ium, it is latcral to antheridium); oospore walls 
less than 5 um thick and evenly textured; 
oogonia with no oogonial cavity left by mature 
oospore. 


Habitat and phenology. Plants were found in 
autumn and spring; water temperature was 12- 
13°C. V. prona is a common species on moist soil 
(Entwisle 1988) but was found aquatically at 
only two sites in the Silvan Reservoir area. 


Vaucheria uncinata Kiitzing 1856: 21, pl. 60, fig. 
1. Entwisle 1988: 53, figs 101-104. 


Distribution. Cosmopolitan; to date known in Victoria 
only from the Yarra River basin (Fig. 158). 


Specimens examined. Site 16: TJE840, TJE891; site 
24: TJE1255; site 26: TJE1023, TJE1059; site 78: 
TJE1021. 
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Gametophores with radially symmetrical, сетя 
dent oogonia more than 100 um long and wit 
no distal prominence; mature oospore green, 
without thiek protective wall. 


Habitat and phenology. V. uncinata is restricted 
to aquatic environments in Australia, occurring 
in spring, summer and early autumn; water 
temperature was 11-18°С. The species does not 
grow in the Yarra River below Yarra Glen. 


Vaueheria sp. (sterile) 


Specimens examined. (Excluding any from sites where 
at least one species determination has been made.) Site 
3: TJE1085; site 4: TJE808; site 7: TJES11; site 16: 
TJE839; site 20: TJE842; site 43: TJE897; site 69: 
ТЈЕ964; site 89: TJE1038, TJE1040; site 96: TJE1267; 
site 98: TJE1270; site 100: TJE1273, ТЈЕ1275. 


Cyanopliyta (Cyanobaeteria) 


Thetaxonomic treatment ofthis group uscd herc 
is mainly that specified by Drouet (1981), 
accompanied whcre possible by rcfcrence to 
classically defined taxa (eg. Desikachary 1959). 
Although there are faults in Drouet’s system, the 
ideal of reducing the number of taxa in a group 
showing such phenotypic plasticity is admirable. 
Most of the arguments put forward by Drouct 
are logical and his exhaustive study of herbar- 
ium material cstablishes him as a formidable 
authority. While thcre is amplc evidence to sug- 
gest that genetically stable entitics with narrow 
genetic variation do exist (Anagnostidis & 
Komárek 1985), the point at issue is whether 
taxonomically useful disjunctions exist between 
such narrowly defined taxa. 

K. K. Baker (1987) гессп у proposed a more 
elassical treatment, based on Geitler (1932), 
with additional undescribed, numbered taxa. 
She found that this System showed the “highest 
resolution and consistency” of any when applied 
to the phenctic clusters delineated in her study. 
Her system is not a comprehensive treatment of 
the Cyanophyta, however, and leaves many of 
the more difficult problems of taxon delincation 
unsolved. A. F. Baker & Bold (1970) had earlier 
proposcd an expanded ѕуѕіст based on that of 
Drouet but the many varictics they described are 
essentially similar to the ill-defined species of 
earlier authors. 

The system of Rippka et al. (1979) aimed to 
rationalize the numbcr of taxa recognised, but 
did not extend to species level and included thc 
nomenelaturally meaningless group “LPP”, In 
addition, although the unsuitability of shcath 
characteristics in defining taxa is stressed, thcse 
features are used to dclineate the LPP group 


(Broady, Garrick & Andcrson 1984). The motil- 
ity/immotility of trichomes is considered to be 
an important generic character but was not 
reeorded in most of the collections from the 
Yarra River basin. For thesc reasons, the 
"Rippka" system has not been used here. 

The reeent proposals by Anagnostidis & 
Komárck (1988) for the Oscillatoriales havc 
taken into account much of the new experimen- 
tal data. While they prescnt a complete classifi- 
cation at family level, the circumscription of 
genera is still somewhat nebulous and the ge- 
lineation of spccies is not considered. The full 
dcvclopment of this approach may eventully 
provide some middle ground for cyanophyte 
taxonomy. 

The use of bacteriological features (mainly 
physiological characteristics of cultured plants) 
to define taxa further complicates the taxonomy 
of the Cyanophyta. In the currcnt study, the 
plants collected werc in macroscopic colonies. 
similar in habit and habitat to other algae. lt thus 
secms praetical and cffieient to include them in 
this survey, and to define taxa on the basis of 
morphological characteristies. Humm & Wicks 
(1980: 6) suggested that until we have a taxon- 
omic system that combines morphology with 
whatever bactcriological-type characters arc 
needed, “the best we can do is to use Drouet’s 
carefully devised taxonomy plus older namcs for 
the ecotypcs of ccophenes that have been de- 
scribed in the past. In this way it is possible to 
indicate which variants of Drouet's ‘lumping’ 
we have in mind", 

Priority for names begins with Gomont (1892) 
for the Loefgreniaceae and Oscillatoriaceae, and 
Bornet & Flahault (1988) for the Nostocaceae 
(see Greuter et al. 1988). The divisional name 
Cyanophyta is retained (instead of Cyanobac- 
tcria) following the reasoning of Bold & Wynne 
(1985), and because the International Code of 
Botanical Nomenclature (Greuter et al. 1985) 
has been used rather than the bacterial code. 


Loefgreniaeeae Elenkin 1917: 94. 


Remarks. This family includes only one genus. 


Loefgrenia Gomont in Wittrock et al. 1897: 89. 
Bourrelly 1985: 383. 


A monotypic genus of bright grcen plants, con- 
sisting of erect trichomes attached to rocks at 
base by mucilage (Fig. 3D); trichomes without 
sheath, gradually tapcring to mucronate apex In 
mature plants; somctimes with colourless apical 
cell(s) (Fig. ЗА); basal cell with parabolic to con- 
ical distal end (Fig. ЗС, D); other cells cylin- 
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drical, slightly constricted at septa, variable in 
length (Fig. 3A, D). 


Loefgrenia anomala Gomont in Wittrock et al. 
1897: 90, fig. “1350”. Prescott et al. 1949: 90, pl. 
2, figs 9, 10. Drouet 1981: 183, figs 53-55. 


Fig. 3 


Distribution. Cosmopolitan; Western Australia; Yarra 
River basin (Fig. 15C). 

Specimens examined. Site 27: TJE1027, TJE1334; site 
60: TJE942, TJE1200; site 62: TJE1196; TJE953, 
TJE1206; site 64: TJE1207; site 74: TJE1187; site 78: 
TJE984, TJE991, TJEIO3I, TJE1444; site 83: 
TJE1065; site 92: TJE1171. 


Trichomes unbranched, to | mm long; cells 
cylindrical (Fig. ЗА, D), 2-8 um in diameter, 7– 
75 um long, L/D (2-)3-15, with granular cyto- 
plasm; apical ccll often colourless and friable 
(Fig. 3A); mature trichomes tapering gradually 
towards apex (Fig. 3A), young trichomes with 
more rounded apcx (Fig. 3D). Reproduction by 
fragmentation into short cylindrical to cllipsoid 
cells with rounded ends, 7-17 um long. 


Habitat and phenology. Tufts of filaments 
growing in fast-flowing water wcre found year 
round; water temperature was 7-18°C. L. ano- 
mala is fairly common in mountain creeks and 
the upper Yarra River. It is restricted to sites 
with low nitrogen (gcnerally less than 0.83 mg/L, 
but an isolated rcading of 1.78 mg/L) and phos- 
phorus (less than 0.04 mg/L), and with few ions 
(hardness less than 54.0 mg/L and conductivity 
less than 108 uS/cm). 


Taxonomic remarks. There is some uncertainty 
about thc delineation of this gcnus and species. 
Although Drouet (1981) described heterocysts 
in L. anomala, both Gomont (in Wittrock et al. 
1896) and Bourrelly (1985) did not find any in 
the material they examined. Gomont (in 
Wittrock et al. 1896) found branching of tri- 
chomes to be characteristic of thc species but 
Drouet (1981) and Bourrelly (1985; see legend to 
pl. 104, figs 4-6) found branchingto be very rare 
or absent altogether. The shape, structurc and 
habit ofthe trichomcs, howcver, arc unlike those 
of most othcr cyanophytes. 


Fig. 3. Loefgrenia anomala Gomont (ТЈЕ1031, seale 25 рт). A, Apical portion of trichomes showing long cells 
and terminal eell without protoplast. B, Fragmentation of trichome into single eells. C, Base of mature trichomes 
showing slightly broader cells. D, Group of young trichomes attached by base in mueilage. 


34 TIMOTHY JOHN ENTWISLE 


Loefgrenia was placed in the Nostocaceae by 
Drouet (1981) and in the Mastigocladaceae by 
Bourrelly (1985), both of these families being 
charactcrised by the presence of heterocysts. 
Since no heterocysts were found in the Yarra 
River basin material, the genus is retained in its 
own family until it becomes better under- 
stood. 

In spite of the uncertainty over the application 
of the generic name, the taxon described here is 
clearly delineated. It can be distinguished from 
all genera described here in the Oscillatoriaceae 
by its long cells (L/D greater than 3) and its grad- 
ually narrowing trichome attached by mucilage 
at the base. 


Nostocaceae C. Agardh 1824: xv. Drouet 1981: 
179. 


Plants filamentous and colonial; trichomcs cap- 
able of forming heterocysts, more or less con- 
stricted at cross-walls. 


Anabaena Bory de St-Vincent ex Bornet & 
Flahault 1888: 233. Drouet 1978: 131; 1981: 
187. 


Heterocysts present; trichomes constricted at 
cross-walls, mature terminal cell generally coni- 
cal. 


Anabaena oscillarioides Bory de St-Vincent ex 
Bornet & Flahault 1888: 233. Drouet 1978: 156, 
181, figs 32-42; 1981: 187, figs 69-72. 


Disiribution. Cosmopolitan; Yarra River basin (Fig. 
1 SE). 


Specimen examined. Site 32: TJE1074 p.p. 


Plants forming amorphous mat; trichomes with 
generally intercalary, cllipsoid to cylindrical 
heterocysts; heterocysts with rounded ends, 5-6 
ит in diameter, 7-8 рт long; vegetative cells 
cylindrical-discoid with rounded ends, sepa- 
rated by deep incisions at septa, 4-6 рт in dia- 
meter, 2-5 um long, L/D 0.5-1; terminal cells 
initially globular to hemisphcrical, finally 
obtuse-conical; akinetes common, cylindrical 
with rounded ends, vcry granular contents, 5-7 
ит diameter, 11-17 um long, formed singly or 
in pairs. 


Habitat and phenology. Plants were found in 
autumn; water temperature was 19°С. A. oscil- 
larioides is perhaps typical of lotic environ- 
ments, being found in slow-flowing water 
behind a weir in the Plenty River. 


Taxonomic remarks. The terminal cell is often 
"thimble-shaped" or hemispherical, making 
generic determination difficult. In Drouet's 
system, Nostoc commune Vaucher ex Bornet & 
Flahault is similar to Anabaena oscillarioides 
except that it has almost spherical terminal cells. 
The most closely-matching species in Desika- 
chary's (1959) monograph is A. /axa (Raben- 
horst) A. Braun ex Bornet & Flahault, which 
Drouct (1978) regarded as a synonym of A. oscil- 
larioides. 


Scytonema C. Agardh ex Bornet & Flahault 
1888: 82, 85. Drouet 1981: 180. 


Plants tufty, branched (Fig. 4C); sheaths consist- 
ing of more than one trichome (Fig. 4B); het- 
erocysts prescnt (Fig. 4A, B) or absent; apical cell 
of trichome hemispherical to spherical (Fig. 
4D). 


Scytonema hofmannii C. Agardh ex Bornet & 
Flahault 1888: 97. Drouet 1981: 180, figs 43, 
44. 

Fig. 4 


Ecophene. Coleodesmium wrangelii (C. Agardh) Borzi 
(see Bourrelly 1985: 394, pl. 108, figs 1-3). 


Distribution. Cosmopolitan; Yarra River basin (Fig. 
15D). 


Specimens examined. Site 16: TJE1091, TJE1152; site 
26: TJE989; site 34: TJE878; site 36: TJE883; site 45: 
TJE902, TJE1367, TJEI368, TJEI431; site 60: 
TJE943, TJE944, TJE1202; site 63: TJE1204; site 64: 
TJE955; site 65: TJE958; site 70: TJE965, TJE966, 
TJE967, TJE1182; site 71: TJE968; site 73: TJE972; 
site 78: TJE983, TJE1110, TJE1340, TJE1353, 
TJEI423; site 83: TJE994, TJEI114; site 98: 
WEF 


Plant tufty (Fig. 4C) (like Audouinella macro- 
scopically), in mats to 5 mm high, dark olive- 
green to brown, consisting of numerous tri- 
chomes enclosed in a common branched sheath, 
25-85 um in diameter. 


Key to genera of Nostocaceae 


il. Trichomes deeply constricted at cross-walls; trichomes irregularly 
arranged in mucılaginous ша Anabaena 
— Trichomes little or not constricted at cross-walls; plants tufty, 
branched. ОИ o seme oe ee ere D Scytonema 
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Fig. 4. Scytonema hofmannii С. Agardh ex Bornct & Flahault. A, Trichomes in соттоп mucus, one with 2 
terminal heterocysts (TJE1353, scale 20 um). B, Triehomes іп common mucus, one with a single terminal 
heterocyst (TJEI353, seale 20 um). С, Silhouctte of plant showing ereet branched bundles of trichomes 
(TJE1431, scale 2 mm). D, Terminal cells of trichome (TJE1353, sealc 10 пт). E, Trichome protruding from 
sheath (TJE1368, scale 20 um). Е, Trichome in common mucus, with a hormogonium (arrow) (TJEI 152, scale 30 
ит). С, Amorphous arrangement of triehomcs in eulturc, with numerous heteroeysts (e.g. arrows) (ТЈЕ1368, 
scale 20 um). H, Short segment of trichome (ТЈЕ11 52, scale 30 um). 
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Trichomes (Fig. 4E, F) cylindrical to torulose 
(with slight constrictions at each septum or at 
alternate ones), straight, curved or less com- 
monly spiralled within sheath; heterocysts 
absent or present, 1-3, terminal, spherical, 
ovoid or discoid (Fig. 4A, B, G); cells much 
shorter than broad (Fig. 4D), 7-17 рт in dia- 
meter, 2-6 pm long, L/D 0.2-0.5; cytoplasm 
usually granulate (Fig. 4F, H), granules some- 
times more abundant adjacent to septa but 
never lining them; terminal cell hemispherical 
(Fig. 4D), 7-11 um in diameter, 5-10 pm long, 
L/D 0.5-1.3; sheath (Fig. 4E) with thick (to 8 
p.m) outer layer of mucus usually present, trans- 
lucent or slightly tan coloured, sometimes per- 
sisting without trichome. 

Hormogonia (Fig. 4F, H) frequently formed 
by destruction and compression of intercalary 
cells. 


Habitat and phenology. Plants were found year 
round but were rare in winter; water tempera- 
ture was 6-19°C. S. Лојтаппи was found in 
mountain creeks and the Yarra River. Conduc- 
tivity was low in the Yarra River as far 
downstream as Dight's Falls (maximum reading 
of 280 uS/cm in the middle Yarra), in compari- 
son with most lowland tributaries. Phosphorus 
was less than 0.33 mg/L, averaging about 0.2 
mg/L in the lower Yarra but being higher in the 
neighbouring tributaries. Hardness was up to 83 
mg/L, much lowerthan in most tributaries (up to 
1200 mg/L in Northern Creeks). pH reached 7.7 
in the lower Yarra but was up to 9.9 in some 
lowland tributaries (which did not support 5. 
hofmannii). Nitrogen and toxicants, however, 
were similar in both urban creeks and the lower 
Yarra River. 

Scytonema hofmannii seems to grow in 
streams which are acidic to slightly alkaline and 
have low levels of cations, but it can tolerate 
some eutrophication in larger rivers. 


Remarks. Scytonema is usually characterised by 
the presence of heterocysts. Since most collec- 
tions from the Yarra River basin had no het- 
erocysts, the plants could be referred to the 
Oscillatoriaceae. In that family, Schizothrix 
mexicana Gomont (as delineated іп Drouet 
1981) encompasses the range of morphologies 
described above. However, in culture media 
without nitrate, and also in depleted full- 
nutrient media, heterocysts were produced in 
trichomes isolated from plants that did not bear 
heterocysts in the ficld (Fig. 4G). It is presumed, 
thercfore, that the non-heterocyst bearing plants 
are ecophenes of Scytonema hofmannii. The 


repercussions of this morphological plasticity in 
terms of familial classification cannot be dealt 
with here, but a thorough analysis of heterocyst 
production in the field and in culture is needed 
for members of the Scytonema/Schizothrix com- 
plex. Sinclair & Whitton (1977) found a similar 
variation in heterocyst production in members 
ofthe Rivulariaceae; in that family, populations 
seemed either to have the ability to produce 
heterocysts, or else would not do so under any 
conditions. Since at least some Yarra River 
plants have the potential to produce heterocysts, 
they are here included in a family and genus 
characterised by heterocyst formation. Scyton- 
ema hofmannii also has priority over Schizo- 
thrix mexicana, should synonymy be demon- 
strated in the future. 

The tufty habit of these plants (Fig. 4C) is 
unique among the Cyanophyta in the Yarra 
River basin, and is similar to that described in 
Coleodesmium wrangelii (C. Agardh) Borzi by 
Bourrelly (1985). Genera with similar habit in 
the monograph by Desikachary (1959) include 
Tolypothrix and Plectonema, heteocysts being 
present in the former but absent in the latter. 
Tolypothrix distorta Kützing ex Bornet & 
Flahault in particular resembles the plants with 
heterocysts described here. 


Oscillatoriaceae Engler 1898: 6. Drouet 1968: 
14. Silva 1980: 53, 103 (nom. cons.). Drouet 
1981: 159. 


Trichomes little or not constricted at cross- 
walls, without  heterocysts, amorphously 
arranged in mats. 


Arthrospira Stizenberger ex Gomont 1892: 246. 
Drouet 1968: 215. Humm & Wicks 1980: 74. 
Drouet 1981: 174. 


Septa lined on both sides with granules (Fig. 5A). 
Terminal cell without thickened end-wall (Fig. 
5A). 


Arthrospira jenneri (Hassall) Stizenberger ex 
Gomont 1892: 247. Drouet 1968: 216, figs 84, 
85; 1981: 175, fig. 104. 


Fig. 5A 


Distribution. Europe, North and South Ameriea, 
Pakistan; Yarra River basin (Fig. 15E). 


Specimens examined. Site 10: TJE815 p.p.; site 26: 
TJE1318; site 32: TJE1074 p.p.; site 43: TJE897 p.p.; 
site 49: TJE1 157; site 62: TJE1197; site 72: TJE1183; 
site 85: ТЈЕ1015. 
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Key to genera of Oscillatoriaceae 
il Terminal cell or end of trichome acuminate, with apical swelling or 
thickened end-wall сар, ce REUTERS 2 
= Terminal cell hemispherical, cylindrical or short-conical; end of tri- 
Cchomeanrostiy'cylindricabc ИИИ УИКИ D. ONE 3 
2 Terminal cell long-acuminate ..................... Porphyrosiphon 
= Terminal cell short-conical, with thickened end-wall cap; terminal por- 
LIOTHOMULIGCHOMC tape LIMP eee eters а EET. Microcoleus 
3. Septa lined on both sides by distinct granules .......... Arthrospira 
— Septa not lined by granules but irregular granules may be present in 
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Fig. 5. A, Arthrospira jenneri (Hassall) Stizenberger сх Gomont. Trichome with cylindrical terminal cell and 
granules lining scpta (arrows) (TJE1318, scale 10 pm). B, C, Microcoleus vaginatus (Vauchcr) Gomont cx 
Gomont. Trichomes with granulcs lining scpta (arrows), attcnuatcd terminal portion and thickened cnd-wall cap 
(TJE1360, scale 20 um). D, E, Porpliyrosiphon splendidus (Greville ex Gomont) Drouct. Trichomes with long 
attenuatc cnds; somc have swollen apex (arrow) but no cnd-wall thickcning(TJE892, scalc 20 рт). F, Schizothrix 
arenaria (Berkeley) Gomont. Trichome with obtuse-conical apical cell (TJE1071, scale 20 um). G-1, Schizothrix 
friesii (C. Agardh) Gomont сх Gomont (TJE1030, scale 20 um). G, Trichome with cylindric apical cell and no 
obvious shcath. Н, Trichome with thin shcath. I, Trichomc with shcath barcly visible. 
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Plants forming amorphous blue-green mats; tri- 
chomes cylindrical; cells 2-8 um in diameter, 
4.5-6 um long, L/D 1.3-2.5; septa lined on both 
sides with granules; terminal cells cylindrical to 
hemisphcrical; sheaths absent or present, thin. 


Habitat and phenology. Plants were found year 
round; water temperature was 7-19°C. Although 
not used as a charactcristic species in the ecolog- 
ical classification of sites, A. Jenneri mostly occu- 
pies a specialised niche; ie. lowland streams 
running through dry schlcrophyll forest (but site 
72 in the Watts River, surrounded by “wet for- 
est", is an exception). There was generally some 
nutrient input into the streams from agricul- 
ture. 


Taxonomic remarks. Some trichomes seem to 
have a slight thickening on the terminal cell end- 
wall. A pronounced thickening is characteristic 
of Microcoleus irriguus (Kützing) Drouet, a spc- 
cies similar in all other respects. Since this thick- 
ening was generally absent or insignificant, all 
plants are referrcd- to А. jenneri. The genera 
Lyngbya and Oscillatoria have also been circum- 
scribed so as to include similar plants (Desika- 
chary 1959). 


Microcoleus Desmaziéres ex Gomont 1892: 350. 
Drouet 1968: 224. Humm & Wicks 1980: 79. 
Drouet 1981: 176. 


Septa lincd on both sides by granules (Fig. 5B, 
C); terminal cell with thickened end-wall cap 
(Fig. 5B, C). 


Microcoleus vaginatus (Vaucher) Gomont ex 
Gomont 1892: 355. Drouet 1968: 226, 244, figs 
89-99. Humm & Wicks 1980: 81, fig. 27. Drouet 
1981: 177, fig. 105. 


Fig. 5B, C 


Distribution. Cosmopolitan; Yarra River basin (Fig. 
ЈБЕ) 

Specimens examined. Site 4: TJE814; site 16: TJE845; 
site 23: TJE1095; site 32: TJE875; site 63: TJE952; site 
66: TJE959; site 91: TJE1360; site 118: TJE1413. 


Plants forming amorphous, blue-green to grey- 
green mats; trichomes cylindrical; cells 5-7 um 
in diameter, 3-5 рт long, L/D 0.5-0.8, with 
granules lining both sides of septa; apical por- 
tion of trichome (first few cells) narrowing; at 
lcast somc terminal cclls hemispherical to coni- 
cal with outer wall becoming thickencd into a 
conc or cup; shcaths not sccn. 


Habitat and phenology. Plants wcre found in 
spring and autumn; watcr tempcrature was 9- 


18°C. M. vaginatus grows in a wide range of habi- 
tats in cutrophic and oligotrophic creeks, and in 
the Yarra River at Warrandyte. 


Taxonomic remarks. The description of M. vagi- 
natus by Desikachary (1959) applies also to 
these populations. 


Porphyrosiphon Kiitzing ex Gomont 1892: 331. 
Drouet 1968: 142; 1981: 167. 


Trichomes attenuated at ends (Fig. 5D, E), with 
no granules or 2 large ones on both sides of septa; 
outer wall of terminal cell not thickened. 


Porphyrosiphon splendidus (Greville ех 
Gomont) Drouet 1968: 166, fig. 80; 1981: 169, 
fig. 92. 


Fig. 5D, E 


Distribution. Cosmopolitan; Yarra River basin (Fig. 
15F). 


Specimens examined. Site 41: TJE892, TJE1257. 


Plants forming amorphous, blue-green mats; tri- 
chomces mostly cylindrical; cells mostly 1.5-2.5 
um in diameter, 2-5 um long, L/D 1-2.5; ends of 
at least some trichomes attcnuate, with ultimate 
cell long and narrow, up to 20 um long, less than 
1 um in diameter, slightly swollen apically (Fig. 
5D) but without any wall thickening; sheath 
thin; short truncate portions of trichome form 
hormogonia. 


Habitat and phenology. Plants were found in 
autumn and spring; water temperature was 10- 
13°C. P. splendidus was only found in creeks to 
the north of Melbourne. Site 41 in Watsons 
Creek was dry in summer. 


Taxonomic remarks. Desikachary (1959) 
included this taxon in Oscillatoria, as O. splen- 
dida Greville ex Gomont. 


Schizothrix Kützing cx Gomont 1892: 192. 
Drouet 1968: 26; 1981: 161. 


Septa not distinctly lined with granules; termi- 
nal cell without wall thickenings; ends of tri- 
chomes either not attenuated or with only tcr- 
minal се! tapering. 


Schizothrix arenaria (Berkeley) Gomont 1892: 
312. Drouct 1968: 109, 115, figs 28-34; 1981: 
164, figs 80-81. 


Fig. SF 


Distribution. Cosmopolitan, Yarra River basin (Fig. 


15G). 


YARRA RIVER MACROALGAE 39 


Key to species of Schizothrix 


I" Apical cell conical .......... 


— Apical cell rounded 


Specimens examined. Site 58: TJE1071; site 82: 
TJE1222; site 91: TJE1075; site 121: TJE1456. 


Plants forming amorphous, blue-green mats; 
trichomes torulose (Fig. SF); cells 5-8 um in 
diameter, 3-8 um long, L/D 0.5-1.6, constricted 
at septa; at least some tcrminal cells obviously 
obtuse-conical (Fig. SF), 8-11 um long, remain- 
der hemispherical; sheaths prescnt or absent; 
when present, mucilaginous, to 4 um thick. 


Habitat and phenology. Plants were found in 
summer and autumn; water temperature was 
10-17°C. Most sites werc disturbed but none 
was heavily polluted. 


Тахопотіс remarks. Microscopically this taxon 
is similar to Scytonema hofmannii except for the 
presence of some obtuse-conical terminal cells. 
In TJE1071 very few end cells are conical and 
the distinction from S. hofmannii is often not 
clear. In all populations, however, the thallus is 
not tufty and branched as is typical of 5. hof- 
mannii but is more or less an amorphous mat 
like that of Schizothrix friesii. The plants are 
similar to some spccies of Phormidium and 
Lyngbya described by Desikachary (1959). 


Schizothrix friesii (C. Agardh) Gomont ех 
Gomont 1892: 316. Drouet 1968: 99, 103, figs 
23-27; 1981: 164, figs 78, 79. 


Fig. 5G-I 


Distribution. Cosmopolitan; Yarra River basin (Fig. 
15H). 


Specimens examined. Site 10: TJE815 p.p.; site 16: 
TJE1120; site 19: TJE1133; site 20: TJE1148; site 25: 
TJE849; site 26: TJE853, ТЈЕ1025, TJE1026, 
TJE1057, TJE1106, TJE1319;site 27: TJE963; site 28: 
TJE864, TJE1053, TJE1101, TJE1330, TJE1331; site 
30: TJE869; site 33: TJE877; site 34: TJE879; site 36: 
TJE884, TJE1252; site 39: TJE1228; site 43: TJE897 
p.p.; site 44: TJE1240; site 45: TJE1367; site 49: 
TJE909; site 50: TJE915, TJE1159; site 52: TJE918, 
TJE1165;site 60: TJE947, TJE1201;site 63: TJE1205; 
site 65: TJE1209; site 67: TJE982, TJE1181; site 69: 
TJE962, TJE963, TJE1178; site 71: TJE969; site 72: 
TJE971, TJE1185; site 74: TJE975; site 77: TJE979; 
site 78: TJE986, TJE1030, TJE1108, TJE1109, 
TJE1320, TJE1338; site 80: TJE1003, TJE1235; site 
81: TJEI006, TJE1239; site 82: TJE1011; site 83: 
TJE1117; site 84: TJE996; sitc 86: TJEI018; site 88: 
TJE1036; site 92: TJE1 172; site 96: TJE1269; site 103: 
TJE1394, TJE1395; site 105: TJE1405; site 112: 


Re D eo CoE EEG m UNT UE o S. friesii 


S. arenaria 


TJE1380; site 114: TJE1384; site 115: TJE1388; site 
116: TJE1390; site 119: TJE1450. 


Plants forming ycllow-green to blue-green, vel- 
vety but amorphous mats; trichomes cylindrical 
(Fig. 56-1), cells 2-9 um in diameter, 2-10 ит 
long, L/D 0.5-3, cell contents granular but gran- 
ules not lining septa; most terminal cells cylin- 
drical (Fig. 5G) to slightly conical, 2-4.5 um in 
diamcter, 3-8 um long, L/D 1.5-2.7, cnd-walls 
hemispherical or flattened, with no obvious 
thickening; sheaths absent (Fig. 5G) or present 
(Fig. 5H), thin, with no thick mucilage. 


Habitat and phenology. Plants were found 
throughout the year; water temperature was 6– 
20°C. S. friesii was found in all but the most 
eutrophic of habitats. Thc populations arc diffi- 
cult to generalisc about ccologically and may 
include a number of ccophenes (or even “spe- 
cies"). Their distribution may be limited by light 
intensity or temperature within an apparently 
broad range of nutrient tolerance. They usually 
grow in a habitat similar to that of Oscillatoria 
retzii C. Agardh sensu Drouet (1981), “at or just 
below the surface of relatively unpollutcd 
water". Drouct (1981: 173) gave a broader range 
of habitats for S. friesii than for O. retzii. 


Taxonomic remarks. There is much variation 
bctween populations in colour and size but most 
plants scem to have cylindrical or thimble- 
shaped terminal cells. The species is very 
broadly circumscribed here bccause no discretc 
subtaxa could be clcarly delineated within it. [t is 
possible that some populations should be 
included in S. calcicola (see Drouet 1968, 1981), 
which is distinguished from S. friesii in having 
more rotund terminal cclls and generally thinner 
(less than 3.5 um) trichomes. Trichomes re- 
semble those of Oscillatoria retzii (C. Agardh) 
Gomont sensu Drouet in cell dimensions and 
shape but seem to lack thickened end-walls. In 
classical nomenclature and taxonomy, plants 
similar to those described above would be 
included in Oscillatoria, Lyngbya or Phor- 
midium, the most similar species recorded by 
Dcsikachary (1959) perhaps being O. retzii. 

A few populations (e.g. TJE979 and TJE! 117) 
have brown, strongl y-coloured scpta, but this is 
not thought to be a useful specific character 
because the colour may be due to compounds 
accumulated from the watcr. 
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Rhodophyta 
Batrachospermaceac Fries 1825: 341. 


Thallus consisting of a central axis surrounded 
by whorls of fascicles; rhizoidal filaments often 
covering central axis, sometimes producing 
secondary fascicles. Reproduction by fusion of 
earpogonia and spermatia, subsequent for- 
mation of a carposporophyte and carpospores, 
and usually with production of a free-living uni- 
seriate generation (“Сһапігапѕіа”). 


Habitat and phenology. Members of the Batra- 
ehospermaecae are found in larger mountain 
ereeks and in the Watts and upper Yarra Rivers. 
None were found in the Yarra River down- 
stream of Woori Yallock Creek, but they are 
common in the Yarra and its tributaries farther 
upstream and in the Watts River basin. Popula- 
tions mainly oecur where the surrounding vege- 
tation is natural forest or where there is minimal 
land disturbance or nutrient input. Habitats 
generally have low levels of phosphorus (less 
than 0.53 mg/L) and nitrogen (ammonia less 
than 0.26 mg/L, nitrate less than 0.61 mg/L) (sec 
MMBW data in Campbell et al. 1982). 

Most species are dominant in summer and 
autumn when water temperatures are above 9°C. 
Batrachospermum keratophytum is a notable 
exception in not producing new upright axes 
during summer and in growing at temperatures 
down to 6°C. 


Reproduetion by fusion of spermatium and rela- 
tively symmetrical carpogonium, resulting in 
globular or diffuse but limited gonimoblast; car- 
pospores generally germinate into a creeping, 
uniseriate, diploid plant (*Chantransia"). Mul- 
tiseriate gametophytes reproduced following 


somatie meiosis in an apical cell of the “Сһап- 
transia". 


Remarks. In the Yarra River basin only В. ker- 
atophytum has an extensive and persistent 
"Chantransia" stage. The other species possibly 
have a transient or obscure filamentous stage 
which has evaded detection in this study. 


Batrachospermum atrum (Hudson) Harvey 
1841: 120. Entwisle & Kraft 1984: 226, figs 2A, 
B, 3A, B. 


Fig. 6A-D 


Distribution. Cosmopolitan; widespread throughout 
Vietoria; Yarra River basin (Fig. 15J). 


Specimens examined. Site 117: TJE1410, ТЈЕ1428, 


Whorls rudimentary (Fig. 6A, B, D), apices 
aeute (Fig. 6D); fascieles 1-5 cells long, 
branched 1-2 times. Carpogonia protruding 
from whorl (Fig. 6C). Gonimoblasts large, ses- 
sile on main axis, never more than one at each 


node. See Entwisle & Kraft (1984) for full de- 
scription. 


Key to gencra of Batrachospermaccac 


I? Gonimoblast compact or loosely arranged, usually globular; gonimoblast 
filaments mostly determinate .................. Batrachospermum 
— Gonimoblast diffuse; gonimoblast filaments all indeterminate ...... 
2. Base of carpogonium not lobed. m aa Nothocladus 
== Base of carpogonium distinctly lobed ................... Strodotia 


Batrachospermum Roth 1797: 36. Smith 1950: 
619. Bold & Wynne 1985: 548, fig. 9.25a-e. 
Bourrelly 1985: 221. 


Habitat and phenology. Plants were collected in 
spring; water temperature was 10°C. Israelson 
(1942) found B. atrum in Sweden in water with 


Key to species of Batrachospermum. 


Whorls rudimentary, fascicles of 1—5 cells 
— Whorls well-developed, fascieles of > 5 cells 


— 
. 


2. Outer cells of fascicles globular (or slightly obconical); whorls obovoid to 
obconical; gonimoblasts obscure, loosely arranged ... В. keratophytum 
— Outer cells of fascicles cylindrical or obovoid; whorls globular, barrel- or 
dise-shaped; gonimoblasts distinet, compaet and globular ......... 3 
3. 


Fascicle cells of similar diameter throughout, cylindrical; gonimoblast 
оТепитошег parol whorl МИРНА qv ETT B. boryanum 
Fascicle cells varying in size and shape, mostly obovoid in distal part of 
faseiele; gonimoblast usually in inner part of whorl... B. gelatinosum 
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Fig. 6. A-D, Batrachospermum atrum (Hudson) Ha rvcy. A, Habit of plant; notc prominent axis in older branches 


with sparscly spaccd whorls of fascicles. (TJE1428, scale 1 mm). B, Whorls of fascicles in young branch 


(TJE1410, scale 20 um). C, Trichogync protruding from whorl (TJE1410, scalc 10 ит). D, Acute apex of plant 
withcompact whorl fascicles (TJE1410, scale 20 


) рт). E-G, Batrachospermum boryanum Sirodot (TJE1 139). E, 
Carpogonial branch arising form intcrcalary fascicle cell (scale 30 pm). F, Detached fascicles showing ccll shapc 
and branching pattern (scale 100 um). G, Mature axis with globular gonimoblasts (scale 100 um). 
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pH of 7.0-8.0 and with generally high levels of 
ealeium. Streams in the Yarra River eatehment 
are acidic and soft (unless polluted with organics 
and probably also with metals), and B, atrum has 
arestricted distribution. The only site at which it 
was found in the current study is in Running 
Creek, north of Melbourne. The EPA (pers. 
comm.) found that CaCO3 is high (730 mg/L in 
1980 and 570 mg/L in 1983) in Running Creek 
near the junetion with Arthurs Creek, whilc 
most other streams with low levels of nitrate, 
phosphate and metals have CaCO3 less than 100 
mg/L (Victoria, EPA 1983). Although the con- 
ductivity measured at the collection site in Run- 
ning Creek during the present study (167 uS/cm) 
was also higher than in most upper Yarra tribu- 
taries, the pH was 6.3, Ca was 8.0 mg/L and Mg 
was 1.2 mg/L, indieating that the water is rela- 
tively soft. 

B. atrum has not been found in urban creeks 
during recent years but was recorded at site 12 in 
the lower reaches of Darebin Creek in 1979 
(Entwisle & Kraft 1984). Its presence there may 
indicate a lower level of some toxie ion(s) in that 
year. 


Batrachospcrmum boryanum Sirodot 1884: 246, 
pl. 29, figs 1-3, pl. 30, figs 1—5, pl. 31, figs 1-6. 
Sheath & Burkholder 1983: 324, figs 1-16. 
Entwisle & Kraft 1984: 254 (note added in 
proof). 

Batrachospermum ectocarpum Sirodot 1884: 
222, pl. 7, figs 1—5, pl. 8, figs 1-7. Entwisle & 
Kraft 1984: 228, fig. 6А-Е. 


Fig. 6E-G 


Distribution. Cosmopolitan: seldom found in Victoria; 
Yarra River basin (Fig. 15J). 


Specimen examined. Site 15: TJE1139. 


Primary faseiele eells almost eylindrical (Fig. 
6F), of similar diameter throughout; seeondary 
fascielcs absent (Fig. 6G). Carpogonial branehcs 
arising from periaxial and fascicle cells (Fig. 6E), 
earpogonia 20-30 рт long. Gonimoblast (Fig. 
6G) often produced in outer part of whorl. See 
Entwisle & Kraft (1984: 230) for full deseription 
of speeies (as P. ectocarpum). 


Habitat and phenology. Plants were found in 
autumn; water temperature was 11°C. В. bory- 


anum was found in Sassafras Creek not far from 
the site of the only other recent record of the 
speeies in Australia, in Sherbrooke Creek, Bel- 
grave (Entwisle & Kraft 1984). Both sites were 
heavily shaded, and 8. boryanum also oceurs in 
habitats with low light in the United States 
(Blum 1957). The Sassafras Creek site is also sit- 
uatcd in part of the Yarra River eatehment with 
high suspended solids (Vietoria EPA 1982). In 
January 1988 the site was aeidie (pH 5.7) but 
had relatively high eleetrolytes (conductivity 
130 џЅ/ет, Ca 16.8 mg/L, Mg 1.2 mg/L) in com- 
parison with upper Yarra tributaries. 


Taxonomic remarks. No spermatangia were 
found on the plants from the Yarra River basin, 
so it is possible that the population is dioecious 
rather than monoecious like the populations 
deseribed by Etwisle & Kraft (1984). 


Batrachospermum gelatinosum (Linnaeus) de 
Candolle 1802: 440. 

Batrachospermum moniliforme Roth 1800: 
480. Sheath & Hymes 1980: 1308, figs 37-44. 
Sheath 1984: figs 41-45. 

Batrachospermum helminthoideum (Sirodot) 
Mori 1975: 474. Entwislc & Kraft 1984: 230, figs 
7A-F, 8A-F. 


Figs 7, 8A-N 


Distribution. Cosmopolitan; widespread throughout 
Victoria; Yarra River basin (Fig. 16A). 


Specimens examined. Site 14: TJE1136; site 18: 
ТЈЕ1127; site 19: TJE1129, TJE1130; site 20: 
TJE1 147; site 21: TJE1144; site 24: TJE1 153; site 25: 
TJEI151; site 26: TJE1103, TJEI215, TJE1282, 
TJE1 301; site 28: TJE1296; site 30: ТЈЕ 1232; site 39: 
TJE1227; site 40: TJE890, TJE1 230; site 44: TJE898, 
TJE1243; site 51: TJE916; site 52: TJE1167; site 53: 
TJE921, TJE1170; site 64: TJE1208; site 72: TJE970, 
TJE1184; site 74: TJE973; site 76: TJE980; site 78: 
ТЈЕ1063, TJE1112, TJE1113, TJE1220, TJE1287, 
TJE1304; site 83: TJE1066, TJE1223, TJE1288, 
TJE1308. 


Plants tufted, mucilaginous, 10-60 mm high, 
richly branehed (Fig. 7A), main axis pereurrent, 
lateral branches of same thickness at insertion, 
often with U-shaped axils; eolour grey, brown, 
violet-brown to olivc; eompact resistant portion 
of lower thallus at times acting to maintain 


Fig. 7. Batrachospermum gelatinosum (Linnacus) de Candolle. A, Habit of plant, partly figured by Entwisle & 
Kraft 1984, fig. 8D (23973, scale 4 mm). B, Apex of plant (TJE1147, seale 100 im). C, Compact gonimoblast with 
carposporangia (arrows) (TJE1 129, seale 20 um). D, Whorl fascicle showing cell shape and branching pattern 
(TJE1144, scale 20 um). E, Carpogonial branch with few bracteae (TJEI113, seale 20 рт). Е, Carpogonium with 


spermatium attached (arrow) (TJE1129, scale 20 рт). 
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plants between growing seasons; apices usually 
blunt (Fig. 7B). 

Central axis 20-90 рт in diameter, with 
abundant rhizoidal filaments and occasional 
secondary fasciclcs (more in older thalli); inter- 
nodes 250-610 рт long; whorls globular to bar- 
rel-shaped, separate to confluent, 400-1000 um 
in diameter; primary fascicles 2-4 per periaxial 
cell, each fascicle branching di- or trichotom- 
ously 5-8 times, composed of 8-15 cell layers; 
distal ends of fascicles at times slightly curved; 
fascicle cells mostly fusiform to obovoid (Fig. 
7D); periaxial cells cylindrical to pyriform, 4-10 
um in diameter, 9-25 um long; proximal cells 
narrowly clongate with зуомеп ends, 2-8 um in 
diameter, (12-)20-55(-62) um long, L/D 3-15; 
distal cells obovoid, 2-5 рт in diameter, 4-12 
um long. Hairs present or absent, of variablc 
length, up to 40 џт long. 

Plants monoecious or dioecious; spermatan- 
gia globular to subglobular, 4-7 um in diameter, 
6-9 um long, produccd terminally on fascicles. 
Carpogonial branches of 5-10 cells arising from 
periaxial cells (Fig. 7E), and proximal cells of 
fascicles, in place of bracteae, also rarely from 
rhizoidal filaments; carpogonia 2-7 um in dia- 
meter at base, 20-65 um long, produced in inner 
part of whorl; trichogyne fusiform to cylindrical 
(Figs 7E, F, 8A-E), urceolate (Fig. 8E-H) or 
clavate to inflated obpyriform (Fig. 8I-N); brac- 
teae short to long, of varying density. Gonimo- 
blast globular, 70-150(-180) um in diameter, 
usually produced in inner part of whorls, 2—5 at 
each nodc; cells of post-fertilisation carpogonial 
branch generally barrel-shaped; carposporangia 
ellipsoid, obovoid or pyriform (Fig. 7C), 7-15 
um in diameter, 12-22 um long. 


Habitat and phenology. Plants were found in 
spring, autumn and carly winter; water tempera- 
ture was 10-18'C. B. gelatinosum was found 
throughout the Watts River and the upper part 
of the Yarra catchment. It seems to tolcrate 
some eutrophication (being common around 
Warburton) and grows mostly in shaded parts of 
larger, well-lit rivers, although it can also grow in 
smaller shaded streams. Fjerdingstad (1965) 
found it to bc tolerant of pollution. In larger 
rivers it usually grows with Nothocladus nodo- 
Sus, the two species often forming extensive 
growths on large rocks in autumn. 


Taxonomic remarks. Observations on addition- 
al Australian populations of Batrachospermum 
having small gonimoblasts scattered in the inner 
part of whorls has led to a broadening of the spe- 
cics concept for these plants. There is consider- 
able variation in trichogync shape (Fig. 8A-N), 
as reported in other groups of species (c.g. 
Sheath & Burkholder 1983, Entwisle & Kraft 
1984), and no othercharactcrs were found which 
could be used to distinguish taxa within this 
group. Two dioccious populations, one also 
characterised by inflated trichogynes (TJE970, 
TJE1184; Fig. 81–К), the othcr by a gelatinous, 
dense thallus (TJE890, TJE 1230), were found in 
the Yarra River basin. The use of monoecious- 
ness or diocciousness as taxonomic charactcrs 
has becn abandoned in most Rhodophyta, and 
both unisexual and bisexual plants have been 
rcported in a number of Batrachospermum spc- 
cies (Israclson 1942). In no other features are 
there any clear disjunctions, and so all of the 
plants have been included in B. gelatinosum. 

Batrachospermum gelatiosum is the oldest 
available name for plants similar to those de- 
scribed, and is therefore more suitable than the 
more narrowly defined В, helminthoideum used 
by Entwisle & Kraft (1984). B. moniliforme, a 
superfluous name, has been commonly used 
instead of thc homotypic B. gelatinosum (Nec- 
chi 1988). 


Batrachospermum keratophytum Bory de St- 
Vincent 1808: 328, pl. 31, fig. 2. Entwisle & 
Kraft 1984: 234, fig. 9A—E. 


Figs 80, 9 


Distribution. Widespread throughout Victoria; Yarra 
River basin (Fig. 16D). 


Specimens examined. Site 14: TJE829; site 26: 
TJE988; site 34: TJE1249; site 40; TJE888; site 45: 
TJE899, TJE900, TJE1244, TJE1245, TJE1370, 
TJE! 430, TIE1476; site 53: ТЈЕ920, ТЈЕ 1169: site 60: 
TJE945; site 62: TJE951; site 63: TJE954, TJE1203; 
site 64: TJE956, TJE957; site 68: TJE961, TJEI176, 
ТЈЕ1177; site 75: TJE976; site 79: TJE1303; site 81: 
ТЈЕ1005; site 83: TJE1427; site 104: TJE1398, 
TJE1479; site 105: TJE1404; site 106: TJE1399, 
TJEI40I, TJE1480; site 116: TJE1391, TJE1392. 
MEL 685659, MEL 685658, Fernshaw, 11.xi.1900, 
Bastow. 


Fig. 8. A-N. Batrachospermum gelatinosum (Linnaeus) de Candolle. Variation in trichogyne size from fusiform 
(A-D, TJE! 147) to ureeolate (E-H, TJE 1 127) to elavate or inflated obpyriform (I-N, TJE970) (seale 10 um). O, 
Batrachospermum keratophytum Bory de St-Vineent; gon. = gonimoblast, tr. = trichogyne, sp. = spermatium, 
carp. = earposporangia. Note that gonimoblast development was seldom seen (TJE1479, seale 10 um). 
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Fig. 9. Batrachospermum keratophytum Bory de St-Vineent. A, Habit of plant showing truneate-eonieal whorls 
and branehing (TJE1430, seale 1 mm). B, Gametophytie plant (with whorls) arising from filamentous stage 
(TJE1399, seale 2 mm). C, Carpogonial braneh detaehed from plant (TJE1401, seale 10 um). D, Young branch 
showing cell shape and arrangement (TJE1370, seale 20 um), E, Spermatia terminating faseieles in “male” plant 
(TJE1391, seale 10 ит). Е, Two earpogonia in cortex of plant and faseiele showing се! shape; tr. = triehogyne, 
gon. = probable gonimoblast filament, sp. = spermatium (TJE1401, seale 10 ит). 
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Multiseriate plant rigid, mueilaginous, 20-50 
mm high and irregularly branched (Fig. 9A; 
usually 45—90°), olive-green to red-brown in 
older plants; whorls 200-450 рт wide, ovoid, 
pyriform (Fig. 9A, D), occasionally barrel- 
shaped or cylindrical in older plants, 200-450 
um long; always confluent; central axis may be 
denuded in abraded plants, except for swollen 
rhizoidal filaments. 

Central axis 20-80 рт in diameter, with 
abundant rhizoidal filaments and secondary fas- 
cieles (Fig. 9D); internodes 200-500 рт long; 
fascicles 2(-3) produced terminally from each 
periaxial cell but additional fascicles produced 
laterally; periaxial eells cylindrical, 8-12 um in 
diameter, 25-55 рт long; proximal cells of fas- 
eieles 4-10 um in diameter, 15-50 um long, L/D 
2-7; intermediate cells eylindrical, ellipsoid to 
obovoid-globular (Fig. 9D); distal cells short 
conical-globular (Fig. 9F), 3-10 рт in diamcter, 
3-12 um long, L/D 1-1,5. 

Plants dioecious; spermatia globose (Fig. 9E), 
5-6 рт in diameter, produccd terminally and 
profusely on most fascicles. Carpogonial 
branches 4-6 cells long, relatively straight (Fig. 
9C) to slightly curved, arising from periaxial 
cells and rhizoidal filaments; carpogonia 3-4 
um in diameter at base, 20-25 рт long, usually 
straight; trichogyne clavate to elongatc-ellipsoid 
(Fig. 9C, F), usually reaching surfacc of plant; 
braeteae common but short. Gonimoblast con- 
sisting of a few swollen cells borne directly on 
earpogonium and dcterminate and indeter- 
minate filaments spreading through cortex (Fig. 
80); carposporangia difficult to detect, terminal 
or lateral, obovoid, 5-8 рт in diameter, 8-11 
um long; no released carpospores seen. 

Simple filamentous stage (“Сһапігапѕіа”) red 
to red-brown, branched, forming tangled to tufty 
mat on rocks, to 3 mm high; cclls cylindrical, 8– 
12 рт in diameter, 12-32 um long, L/D 1-5; 
gametophytic plants produced directly (Fig. 9B) 
by eonversion of simple filament to central 
axes. 


Habitat and phenology.Upright plants are com- 
mon in autumn and spring, but denuded orange- 
brown axes sometimes persist through summer; 
water temperature was 6-13°C. B. keratophytum 
grows mainly in well-shaded, cooler streams but 
can also grow on stable substratum in larger 
rivers (e.g. Little Yarra River, Yarra Junction; 
this population was found after the eompletion 
of the current study). Measured pH was 6.3-6.4 
and eonductivity 98-103 pmS/em at sites 45 
and 104 (in January and March 1988). 


Fertilisation of carpogonia seems to occur 
infrequently and only late in theseason. In many 
loealitics the plants do not seem to reach sexual 
maturity. The “Chantransia” stage is always 
present, however, and seems to provide the 
main method of surviving unfavourable con- 
ditions and produeing new gametophytes. All 
other batrachospermaeeous plants in the Yarra 
River basin produce abundant carpospores 
throughout their growing period. 


Taxonomic remarks. The discovery of a loosely 
arranged gonimoblast allies this species with the 
genus Nothocladus, which it also resembles in 
the frequent intcrnodal carpogonial branches, 
the symmetrical carpogonial base with a long 
fusiform to clavate trichogyne, and the rigid 
thallus without a compact outer cortieal layer 
(cf. Tuomeya). It differs from species of Notho- 
cladus, however, in possessing thc following fea- 
tures (see also Table 4): 

(a) determinate gonimoblast filaments as well 
as limited growth of apparently indeterminate 
filaments; 

(b) a prolific “Chantransia” stage in its life 
history (thuscxhibiting a * Lemaned" type of life 
history); 

(c) dioecious gametophytes with profuse pro- 
duction of spermatia on male plants; 

(d) distal and most seeondary cells of fascicles 
that are globular (cf. Figs 10B, C, D, 11В); 

(e) ovoid whorls with no regular outer sur- 
face; 

(f) relatively straight carpogonia. 

The first feature is sufficient to retain this 
taxon in Batrachospermum, and thc remaining 
features distinguish it from other batracho- 
spermaceous plants in the Yarra River basin. 
Entwisle & Kraft (1984: 252) noted that the gen- 
eric affinities of this taxon were uncertain sinee 
no gonimoblasts were scen, but it was tentatively 
referred to B. keratophytum which it seemed 
most to resemble vegetatively. The gonimo- 
blasts observed in the current study, although 
not eompact, are relatively limited in growth 
and inelude short determinate filaments. This 
type of gonimoblast structure has becn found in 
a number of species of Batrachospermum 
(Neeehi 1988), including Brazilian plants re- 
ferred to B. keratophytum. The assignment of 
these plants to B. keratophytum is therefore 
retained until the type material can be exam- 
ined, and the delineation of genera in this family 
is re-evaluated. 
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Nothocladus Skuja 1934: 186. Bourrelly 1985: 
230. 


Vegetative morphology similar to Batrachosper- 
mum but plants usually more rigid and with 
denser cortex; reproduction similar also, but 
gonimoblasts diffusc rather than compact. 


Remarks. No simple filaments (‘‘Chantransia” 
stages) were found with any Nothocladus speci- 
mens, and cven very young plants had no uni- 
seriate filaments attached to their bases (rocks 
were carefully examined in a number of cases). 
The “Chantransia” stage is therefore presumed 
to be transient and inconspicuous or entirely 
absent. Elucidation of the life cycle of Notho- 
cladus in culture is needed. 


Habitat and phenology. Plants were found in late 
spring, summer and autumn; water temperature 
was 9-16°C. N. lindaueri grows in both large and 
mcdium-sized rivers but not in heavily shaded 
creeks. 


Remarks. Nothocladus lindaueri produces many 
carpogonia in young parts of the thallus but, as 
reported by Entwisle & Kraft (1984), none of 
these have spermatia attached. Spreading 
through the thallus, however, are specialised fas- 
cicles producing spermatia (see Entwisle & Kraft 
1984, fig. 15A). 

Some additional features hclp to separate the 
two Nothocladus species. N. lindaueri is difficult 
to compress (under a coverslip), thc profuscly 


Key to Species of Not/tocladus 
I" Apieal ccll of branches protruding; thallus difficult to compress, main 


axis not visible 


Ne, conu Mao NS N. lindaueri 


— Apical ccll embeddcd in whorl; thallus easy to compress, main axis 


usually visiblc 


Nothoeladus lindaueri Skuja 1944: 11, pls 2, 3. 
Entwisle & Kraft 1984: 246, figs 14A-F, 15A, B, 
D-F. 


Fig. 10 


Type material. Dr О. Necchi Jr has chosen a Icctotype 
for this species from thc material held in UPS. Nu- 
mcrous isotypcs are distributed as part of V.W. Lin- 
daucr's hcrbarium. 


Distribution. North Island of New Zealand; relatively 
common in Victoria; Yarra Rivcr basin (Fig. 16B). 


Specimens examined. Site 18: TJE1128; site 21: 
TJE1143; site 26: TJE989; site 44: TJE1242; sitc 51: 
TJE1162;site 52: TJE1166; site 66: TJE1210; site 69: 
TJE1179; site 74: TJE1186; site 75: TJE1188; site 76: 
TJE981; site 79: TJE1216; site 80: TJE1002; sitc 81: 
TJE1009, TJEI237; sitc 83: TJE994; site 88: 
TJE1037. 


Alterations and additions to the description of 
the specics by Entwisle & Kraft (1984: 246) are 
given in the remarks below and in Table 4. The 
protruding apical cell (Fig. 10A), fascicle cell 
shape (Fig. 10B, C, D), and compactness of the 
cortex (Fig. 10F, С) scparate this species from N. 
nodosus. The position of the carposporangia in 
the outer cortex can be scen in Fig. 10E, G. 


военна ее 


А ОРГОН. N. nodosus 


branched, short-celled fascicles (Fig. 10B, С) 
creating a compact outer cortex. In contrast to N. 
nodosus, the thallus is usually cylindrical rather 
than moniliform, and brown-black to dark-blue 
rather than olive-green. 


Nothocladus nodosus Skuja 1934: 186, pl. 2. 
Entwislc & Kraft 1984: 242, figs 13A-D, 15C, 
G-J. 

Nothocladus tasmanicus Skuja 1934: 187, pl. 
3. 


Fig. 11 


Type material. There arc no cxtant specimens of N. 
nodosus in В (S. Wendker, Curator of Algac, pers. 
comm.), the herbarium in which a specimen of this 
spccics was first noticcd by Skuja (1934), and Dr O. 
Necchi Jr has chosen a specimen in UPS as the Icc- 
totypc. Dr Necchi lias also chosen a spceimen hcld in 
UPS as the lectotype of N. tasmanicus. The synonymy 
of these two spccics, suggested by Entwislc & Kraft 
(1984), has been confirmed by an cxamination of the 
type materials. 


Distribution. Widesprcad throughout Vietoria; Yarra 
River basin (Fig. 16C). 


Fig. 10. Nothocladus lindaueri Skuja (TJE1188, scale 10 рт). A, Apex of branch showing protruding apical ccll 
(see Entwisle & Kraft 1984, fig. 158, E, F for illustrations of mature thallus). B, Distal end of fascicle showing cell 
shapc and arrangement. C, Distal cnd of fascicle showing cell shape. D, Fascicle whorl dctachcd from thallus. E, 
Carposporangia ncar surface of plant; note gonimoblast filament (arrow) spreading through cortcx. F, Surface 
мем of young branch without сагроѕрогапріа. С, Surface vicw of older branch with carposporangia (c.g. 


arrowhcads). 
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diffuse. 


Specimens examined. Site 20: TJE1146; site 24: 
TJE1154; site 25: TJE1150; site 26: TJE1061, 
TJE1104, TJE1284, TJE1302; site 46: TJE903, 
TJE1246; site 76: TJE978; site 78: TJE1064, TJE1111, 
ТЈЕ1219, TJE1286, TJE1305, TJE1445; site 79: 
ТЈЕ1217, TJE1477; site 83: TJE994, TJE1115, 
TJE1292, TJE1311; site 88: TJE1037, TJE1225. MEL 


Alterations and additions to the description of 
the species by Entwisle & Kraft (1984: 244) are 
given in the remarks below and in Table 4. The 
relatively loose outer cortex (Fig. 1 1A), fascicle 
cell shape (Fig. 11B) and an apical cell which 
does not protrude beyond the fascicles distin- 
guish this species from N. lindaueri. The repro- 
ductive features of N. nodosus (Fig 11C-F) have 


Habitat and phenology. Plants were found in late 
spring, summer, autumn and early winter: water 
temperature was 9-18*C. №. nodosus was always 
found in well-lit larger rivers, often in shaded 
areas and commonly associated with Batracho- 
spermum gelatinosum. In the 1880s N. nodosus 
was found in the Yarra River at Collingwood but 
is now known only from upstream of Yarra 


Remarks. The antheridia in Nothocladus nodo- 
$us are produced terminally on specialised fas- 
cicles (Fig. 11D). Note that Entwisle & Kraft 
(1984) incorreetly stated that the spermatia ter- 
minate a diffusely growing filament; their fig. 
15A in fact shows spermatia on an endophytic 
Audouinella. The spermatia of N. nodosus are 
larger than reported by Entwisle & Kraft (1984), 
usually 4-10 рт in diameter, and are often 
obovoid rather than globose before release. 
Nothocladus is generally characterised by 
being cartilaginous. N. nodosus, however, is less 
rigid than А. lindaueri and the fascicles are casily 
spread out in microscope slide preparation. 
Although most species of Batrachospermum are 
flaccid, B. keratophytum can be quite cartilagi- 
nous. The differenees between N. nodosus, N. 
lindaueri and B. keratophytum are summarised 


Sirodotia Kylin 1912: 38. Smith 1950: 619. 


Vegetative morphology similar to Batracho- 
spermum but whorls often more separate and 
tapered. Reproduction is also similar, but carpo- 
gonium has a distinet lobe and gonimoblast is 
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Fig. 11. Nothocladus nodosus Skuja. A, Maturc branch (not compressed in slide preparation) (TJE1 146, scale 100 
um); note that main axis is just visible, and that fascicles arc densc but not forming compact outcr cortex as in N. 
lindaueri; thallus is often morc open (scc Entwislc & Kraft 1984, fig. 13B-D). B, Fascielc showing cell shape and 
arrangement (TJE1037, scale 10 um). C, Carposporangia terminating gonimoblast filament (TJE1462, scalc 20 
um). D, Spermatia terminating fascicle (TJE1037, scalc 10 рт). E, Trichogync arising from carpogonial branch 
with densc bractcae (TJE1037, scalc 20 um). F, Gonimoblast filaments (arrows) sprcading through thallus; notc 
carpogonial branch with obscuring bractcac to Icft of photograph, and gonimoblast filament (arrowhcad) arising 
from that mass (TJE1462, scale 20 рт). 
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Sirodotia suecica Kylin 1912: 38, fig. 3. Sheath & 
Hymes 1980: 1306, figs 18-25. Entwisle & Kraft 
1984: 238, figs 11А-Е, I2A-E. 


Distribution. Cosmopolitan; few known localities in 
Vietoria; Yarra River basin (Fig. 16E). 


Specimens examined. Site 19: TJE1134; site 21: 
TJE834; site 50: TJE914, TJE1160; site 80: 
TJE1004. 


Plants mucilaginous, richly branched, green to 
blue-green, 10-80 mm high; main axis percur- 
rent; apices blunt or tapercd. 

Central axis 25-80 pm wide, with abundant 
rhizoidal filaments and secondary fascicles; 
internodes 150-800 um long; whorls small, 
ellipsoid, obovoid or obpyriform, 250-350 um 
in diameter, confluent or separated, usually 
tapering; primary fascielcs 3-5 per periaxial cell, 
branched dichotomously 3-6 times, 4—10 eclls 
long; cells ellipsoid-cylindrical to obovoid; prox- 
imal cells 2-7 рт in diameter, 10-30 рт long; 
distal cells 3-6 pim in diameter, 7-13 pim long. 
Hairs rare, up to 40 ppm long. 

Plants monoecious and dioccious; spermatia 
globular, 4–5,5 рт in diamcter, terminating fas- 
cicles. Carpogonial branches of 3-4(—5) cells 
arising from periaxial cells, proximal cells of fas- 
cicle, and sometimcs rhizoidal filaments; carpo- 
gonia 4-8 pm in diameter at base, with distinc- 
tive asymmetric swelling, and 19-42 рт long; 
trichogyne cllipsoid, pyriform or cylindrical. 
Gonimoblast initial arising from side opposite 
to the swelling on carpogonial base, and produ- 
cing indeterminate filaments; carposporangia 
ellipsoid, ovoid or pyriform, (4-)6-8 um in dia- 
meter, 8-10 рт long. 


Habitat and phenology. Plants were found in spr- 
ing and autumn; water temperature was 11— 
13°C. All sitcs are in southern tributaries of the 
Yarra River, instreams that mostly flow through 
mudstonc and sandstone. Non-filterable resi- 
dues (suspended solids) are high in these strcams 
(Victoria, EPA 1983). Site 50 was acidic (pH 6.0) 
but reasonably conductive (133 mS/cm). 


Taxonomic remarks. Since therc is no clear ог 
consistent disjuction between thc two “forms” 
of S. suecica reported by Entwisle & Kraft (1984) 
they have been combined in the above descrip- 
tion. The rclationship between S. suecica and 
other Sirodotia spccies is discussed by Entwislc 
& Kraft (1984: 242). 

A number of plants collcetcd from the Yarra 
River basin sccm to beunisexual, so the descrip- 
tion has been cxpanded to include dioecious 


plants in what is usually rcported as a mono- 
ecious taxon (Israelson 1942). 


Compsopogonaceae Schmitz 1896: 318. 


Remarks. Only onc macroalgal genus of this 
family has been found in the Yarra River 
basin. 


Conpsopogon Montagne 1846: 
1950: 610. Bourrelly 1985: 208. 


Young filaments uniseriate, becoming corti- 
cated and having compact arrangement of per- 
iaxial cells; no obvious cytoplasmic connections 
between cclls. Reproduction by monospores 
that are cleaved from outer cortical cells. 


152. Smith 


Compsopogon cocrulcus (Balbis) Montagne 
1846: 154. Entwisle & Kraft 1984: 220, fig. 4A- 
G. 


Distribution. Widespread in temperate and subtropi- 
eal areas; limited to a few river basins in Victoria; 
Yarra River basin (Fig. 16F). 


Remarks Although periodically common іп 
Darcbin and Merri Creeks in 1980-81 (Entwislc 
& Kraft 1984), this species was not found during 
the current study. 


Porphyridiaccae Kylin cx Skuja 1939: 31. 


Remarks. Only onc genus forming macroscopic 
clumps has bccn found in the Yarra River 
basin. 


Chroodactylon Hansgirg 1885: 14. 


Ellipsoid cells loosely arranged in uniseriate 
branched chains, with no cytoplasmic connec- 
tions; chloroplast stellate and axial. Monospores 
formed from entire vegetative cells. 


Chroodactylon ornatum (C.Agardh) Basson 
1979: 67, pl. 9, fig. 52. Entwisle & Kraft 1984: 
218, fig. 3C, D. 


Distribution. Cosmopolitan; few collections in Victo- 
ria; Yarra River basin (Fig. 16F). 

Remarks. This small alga is barcly in the 
"macroalgal" catcgory. No specimens were 
found in the present study but thcy may have 
been overlooked, as the specics was recorded by 
Entwislc & Kraft (1984). 


Rhodochortaccae Nasr 1947; 92. 


Remarks. Audouinella is the only genus of this 
family forming macroscopic clumps in the Yarra 
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River basin. Ап endophytic Audouinella (= Bal- 
biania Sirodot) was found growing in Sirodotia 
suecica and all three species of Nothocladus, but 
it is not described in the present work which 
includes only macroscopic benthic algae. 


Audouinella Bory de St-Vincent 1823: 340. 
Smith 1950: 618. Bold & Wynne 1985: 556. 
Bourrelly 1985: 216. 


Uniseriate branched filaments with parietal, 
ribbon-like or plate-like chloroplasts; pit con- 
nections between cells; reproduction mainly by 
terminal monospores in freshwater, but carpo- 
gonia, spermatia and tetrasporangia frequently 
reported. 


Audouinella hermannii (Roth) Duby 1830: 972. 
Entwisle & Kraft 1984: 223 (with incorrect 
author citation). 
Audouinella violacea (Kützing) Hamel 1925: 
57. Sheath & Hymes 1980: 1302, figs 14-17. 
Chantransia hermannii (Roth) Desvaux 1809: 
310. Israelson 1942: 15. 


Distribution. Cosmopolitan; seldom collected in Vic- 
toria; Yarra River basin (Fig. 151). 


Specimens examined. Site 16: TJE1093, TJE1 118; site 
58: TJEI070; site 89: ТЈЕ 174, TJEI175; site 100: 
TJE1274, TJE1276. 


Thallus erect, forming tufts on stones, concrete 
or willow roots; consisting of cylindrical cells in 
uniseriatc, branched filaments. Reproduction 
usually by monospores. See Entwisle & Kraft 
(1984: 223) for full description. 


Habitat and phenology. Plants were found in 
autumn; water temperature was 16-19°С. A. her- 
mannii is usually found in streams with some 
nutrient input but not in the heavily polluted 
urban creeks. Biggs & Price (1987) found A. her- 
mannii in regulated streams subject to some 
disturbance, with exotic willows providingsomc 
substrata. 


Taxonomic remarks. Audouinella hermannii, as 
conceived in the broad sense now adopted by 
most contemporary workers, includes most 
tufted aggregates of sparingly branched uni- 


scriatc filaments with pit-connected cells and 
frequent monosporic reproduction. Some col- 
lections  (TJE889, TJE1176, . TJE1249, 
TJE1226, TJE1229) were judged to be part of a 
batrachospermaceous life history (Fig. 151), the 
filaments of these plants being little aggregated 
and without monospores, and growing with 
typical batrachospermaceous plants nearby or 
attached. Plants in the Plenty River, Toorour- 
rong Reservoir catchment (TJE1456) were 
aggregatcd but had no monospores or associated 
batrachospemaccous plants, and could not be 
adequately classified. 


GENERAL REMARKS ON THE YARRA 
RIVER BASIN FLORA 


Most genera of macroalgae found in the Yarra 
River basin are distributed widely around the 
world. The cxceptions arc Palmellopsis 
(although some collections of this genus may 
have been referred to Те/ғаѕроға); Parallela 
Irom North and South America and New Zea- 
land; Tetrasporopsis from Europe; and Notho- 
cladus from Madagascar and Ncw Zealand. 
Somc species scem to be restricted in distrib- 
ution, but thcre are often doubts about species 
delineations which confusc biogeographical 
attributions. 

Conversely, some genera which are reported 
to be very common in seemingly comparable 
overseas habitats were not found in the Yarra 
River basin. These gencra include Tuomeya, 
Lemanea (both similar in habit and habitat to 
Nothocladus), Thorea and Bangia of the Rho- 
dophyta, Stigonema (similar in habit and habi- 
tat to Scytonema hofmannii) of the Cyanophyta, 
and /ydrurus of the Chrysophyta. 

No doubt further studies in the arca will dis- 
cover new records, but the current flora should 
provide a basis for future assessments on the 
macroalgae of the Yarra River basin. The taxon- 
omic groups most in need of intensive study to 
clarify species conccpts are the Ulotrichaceae 
and the Cyanophyta, whilc reproductive mater- 
ial of various "taxa" in the Zygnemataccae and 
Oedogoniaceae is nceded for meaningful iden- 
tification of species in these familics. 
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Fig. 12. Distribution of taxa in the Yarra River basin. A, Chaetophora elegans. B, Draparnaldia mutabilis. C, 
Stigeoclonium (larger dots represent more than one site). D, S. farctum. E, S. tenue. Е, Cladophora glomerata. С, 
Rhizoclonium hieroglyphicum. Н, Oedogonium crassum. 1, О. intermedium. J, О. sp. А (е) and О. sp. В, (A) 
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Fig. 13. Distribution of taxa in the Yarra River basin. A, Oedogonium (Slender-Filament Group). B, О. 
(Medium-Filament Group) C, O. (Broad-Filament Group). D, Palmellopsis gelatinosa. E, Parallela 
novae-zelandiae. F, Ulotrichaceae indet. С, Klebsormidium rivulare. Н, Microspora floccosa. 1, Ulothrix subtilis. 
J, Enteromorpha aff. prolifera. 
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Fig. 14. Distribution of taxa in the Yarra River basin. A, Mougeotioidcae (Slender-Filament Group). B, 
Mougeotioideae (Broad-Filament Group) (large dot represents more than one site). C, Spirogyra submaxima (9) 
and S. vartans (4). D, Spirogyroideae (Squat-Cell Group). E, Spirogyroideae (Elongate-Cell Group). F, 
Spirogyroideae (Medium-Filament Group). С, Spirogyroideae [Replieate-Septum Group (e), Broad Filament 


Group (д) and Slender-Filament Group (@)]. Н, Zygnemoideae (Vegetative Group). I, Tetrasporopsis fuscescens 
(e) and Tribonema minus (A). J, Vaucheria. 


YARRA RIVER MACROALGAE 57 


Fig. 15. Distribution of taxa in the Yarra River basin. A, Vaucheria bursata. B, V. aversa (e), V. geminata (A), V. 
prona (т) and V. uncinata (¢). C, Loefgrenia anomala. D, Scytonema hofmannii. E, Anabaena oscillarioides (e) 
and Arthrospira jenneri (A). F, Microcoleus vaginatus (e) and Porphyrosiphon splendidus (a). G, Schizothrix 
arenaria. Н, Schizothrix friesii. 1, Audouinella hermannii (ө) and probable ''Chantransia" stage of 


Batrachospermaceous life history (o). J, Batrachospermum atrum in 1986-1987 (ө) and in 1979 (o), and В. 
boryanum (A). 
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Fig. 16. Distribution of taxa in the Yarra River basin. A, Batrachospermum gelatinosum. B, Nothocladus 
lindaueri. C, N. nodosus. D, Batrachospermum keratophytum. E, Sirodotia suecica. F, C. ompsopogon coeruleus in 


1980-1981 (o) and Chroodactylon ornatum in 1981 (A). 


CLASSIFICATION OF STREAM HABITATS 
IN THE YARRA RIVER BASIN USING 
MACROALGAE 


Biological monitoring of watcr quality ean be 
used (Pridmorc 1983) to (a) identify problem 
areas; (b) suggest possible ehcmical and physical 
cffects (and hencc those that should be tested); 
(c) complement chemical and physieal analysis 
(as part ofthe total budget of the system); and (d) 
measure the intrinsic cffccts of the organisms 
(e.g. as weed species, for food value etc.). 
Williams (1980: 195) commented that although 
"noone [taxonomic] group scems pre-eminently 
suited as a biological monitoring tool, .. . algac 
have been claimcd as particularly uscful; unfor- 
tunately their taxonomy requircs expert train- 
ing". Williams (1980) further states that the 
biota of rivers, streams and lakes must be known 


precisely, both in regard to its taxonomy as well 
as to its ecology. The distribution and eeology of 
freshwater algac in Australia, howevcr, have 
rcccived scant attention. 

There is an expansivc literature on the 
attached stream algae overseas (Johansson et al. 
1977) but this predominantly concerns micro- 
algac. In Australia, Jolly & Chapman (1966) 
provided the only detailed account which 
includes macroalgal ecology in flowing water, 
from Coxs River in New South Wales. There arc 
incidental ecological notes in some short 
accounts (e.g. Watts 1883, Hardy 1907, May 
1980) and in rccent taxonomic treatments of 
macroalgac (Entwisle & Kraft 1984, Entwislc 
1988), but these data arc not comprchensive. 

The Yarra River basin features in most sur- 
veys of frcshwater algac in Victoria, but early 
species records cannot generally be verified 
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(Entwisle 1989b). One of the major influences 
on the Yarra River system has been the expan- 
sion of urban Melbourne, from the mouth of the 
river at the time of European settlement (1836) 
to its current extension into the Upper Yarra 
Valley. Most early collections from the Yarra 
River basin came from the downstream tribu- 
taries (collections by Bastow in 1899 and 
Mueller in 1853, both housed in MEL) and from 
the lower reaches of the river below Heidelberg 
(Watts 1865, Hardy 1906); however, Berggrens 
in 1875 (see Nordstedt 1888) and Bastow in 
1900 (MEL) made colleetions in and near the 
Watts River at Fernshaw. The flora of the Upper 
Yarra Region has remained mostly unknown. 

The results of the current floristic survey have 
been analysed and compared with water quality 
data, where available, to provide a classification 
of stream habitats in the Yarra River basin (see 
Methods). This classification will provide a 
reference point for future changes in stream 
habitats and a means of distilling knowledge 
about maeroalgal communities. 

Mucller-Dombois & Ellenberg (1974: 444) 
stressed that "quantitative field analysis 
methods and the computer proeessing methods 
of vegetation data аге... really successful only 
where meaningful qualitative analysis ргеседе5 
the quantification." In this study, however, 

uantitative analyses have been used to help dis- 
till the data and help towards providing a 
«meaningful qualitative analysis" (mathemati- 
cal methods should both simulate and stimulate, 
according to Clifford & Stephenson 1975: 148). 
The analyses, therefore, should not be regarded 
as indicating the ultimate classification of algae 
and sites, since they are based on preliminary 
data from a limited number of localities. Using 
theresults of these analyses and experienee from 
field eollecting, a system of classification is pro- 
posed which can be tested against further infor- 
mation. 


Results and Discussion 

Strata. The results most easily interpreted were 
achieved by grouping the EPA chemical data 
with MCAN (Table 5, Fig. 17A, B), and compar- 
ing the results with the species data. There is a 
general trend towards inereased eutrophication 
from group A to group E. In terms of macroal- 
gae, group D is distinguished from group E only 
in having slightly more sites with Cladophora 
glomerata (100% compared with 89%) and fewer 
with Stigeoclonium spp. (33% compared with 
71%). The distinction is dubious, however, when 
the seasonal variation in dominanee of these 
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Species at cach site is considered (Entwislc 
1989a). Neverthcless, group E sccms to be mar- 
ginally more polluted (in a general scnse) than 
group D, and this trend is paralleled by the 
greater frequency of Stigeoclonium in group E. 
Whitton (1970a) found Cladophora glomerata 
to be more sensitive than Stigeoclonium to zinc, 
copper and lead, and group E has much higher 
values for toxicant mixture 90% and mcdian 
(Table 5). 

Group B is richcr in specics than all other 
groups and is characterised by Batrachosperm- 
aceae. Group C is intermediate betwcen group B 
and groups D and E in terms of species and 
chemical composition. Group A is more iso- 
lated. 

In the Principal Co-Ordinate Analysis 
(PCOA) of the EPA data (Fig. 17C), the first vcc- 
tor carries 58% of the information, the second 
vector 11% and the third vector 8%. Strata in 
groups D and E are very closcly packed in the 
plot of vector 1 versus vector 2 but are only just 
separated along the first vcctor. Groups B, C, 
and the D/E complex are orientated and clearly 
separated along thc first vector, whereas group A 
is separated from B on the second vector. 

The first vector is negativcly correlated with 
pH 10%, total nitrogen 90% and median, tem- 
perature 9096 and mcdian, hardness 1096 and 
conductivity 10% (-0.83 > corr. coeff. > 
-0.76). This corrcsponds to the floral change 
from species of Cladophora and Stigeoclonium 
in polluted strata to species of Batrachosperma- 
ceae in ‘cleaner’ strata. The second vector, which 
separates groups A and B, is most strongly cor- 
related negatively with tempcrature 10% and 
turbidity 10%, and positively with DO 90% and 
with toxicant mixture 10% and median (+0.37 
> corr. coeff. > +0.25). Strata in group A, 
thercforc, are warmer, morc turbid, less oxy- 
genated, and have morc toxic metals than thosc 
in group B. These factors seem to lessen the 
dominance of the  Batrachospermaceae, 
although the correlations are very low. 

Species most strongly corrclatcd with vector | 
(basically from eutrophic to oligotrophic) are, 
negatively, Cladophora glomerata and, posi- 
tively, Klebsormidium rivulare, Draparnaldia 
mutabilis, _Oedogonium | (Medium-Filament 
Group), Loefgrenia апота!а, Nothocladus spp. 
and Batrachospermum gelatinosum (+0.85 > 
corr. coeff. > +0.5). With vector 2, Vaucheria 


bursata, V. prona and Sirodotia suecica are nega- 
tively correlated, and Spirogyroideae (Repli- 
catc-Septum Group) is positively correlated 
(+0.52 > corr. coeff. > +0.45). 

The inverse analysis (using NIASM) shows 
similar trends but slightly different groupings 
(Fig. 18). The most important (0.95 > 
CRAMER value > 0.8) chemical parameters 
(masked from main analysis) are pH 10% and 
median, hardness 10%, conductivity 10%, 
non-filterable residucs 10%, and temperature 
median and 90%. Neither nitrogen nor phospho- 
rus are included in the most important corrcla- 
tions with the macroalgal groupings. Most of the 
significant parameters are generally associated 
with the distribution of Cladophora (Whitton 
1970b), which predominates in alkaline, hard 
waters. Toxic metals can restrict the growth of 
Cladophora but the minimum toxicant mixture 
level (i.c. 10 percentile) would not be limiting. 

The lower Yarra basin (below Yering Gorge), 
excluding the "northern tributaries”. is divided 
into 3 groups distinguished by thc relative abun- 
dance of Srigeoclonium, Cladophora and Vau- 
cheria, and the prcsence or absence of additional 
specics such as Spirogyroideae spp. and Oedo- 
gonium crassum. The thrcc uppcr Yarra and 
northern tributaries groups are distinguished 
from each other by the relative abundance of 
Stigeoclonium, Parallela, Batrachospermaceae, 
Draparnaldia and Vaucheria. The groups were 
difficult to characterisc precisely on the basis of 
macroalgac, probably in part duc to the hctero- 
geneity of the habitats in each of the strata. In 
addition, physical parameters such as light 
intensity, substratum and flow rate are also 
important in the distribution of macroalgae. To 
produce a worthwhile classification of macro- 
algal communitics (rather than testing thcir cor- 
rclation with chemical gradients), thc individual 
sites were cxamined. 


Sites. The presence/absence data of 56 taxa from 
118 sites, many of these sites reprcscnted by 
fewer than 3 taxa, produccd only a few interpret- 
able groups using NIASM and MACINF. The 
higher clusters could not be reconciled with any 
field observations. Sites with few taxa wcre often 
grouped incongruously and, since MACINF 
matches abscnces to form thc dissimilarity 
matrix, sitcs with many taxa were isolated in 
small groups. The addition of qualitative cover 


Fig. 17. ^, Dendrogram of selected EPA physical/ehemical data (from Victoria, EPA 1983) using MCAN and 
SAHN (sites wcre arranged into the strata defined in Victoria, EPA 1983; see Table 1). B, Distribution of the 
groupings in thé Yarra River basin. C, Principal co-ordinate analysis showing first two vectors. 
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Fig. 18. Dendrogram of sites arranged into strata (see Table 1) and analysed with NIASM; !Others = Upper 
Yarra, Maroondah and Upper Armstrong/O’Shannassy eatehments, and Maroondah expcrimental weirs. 


measures for the NIASM analysis did not 
improve the groupings. These eover measures 
ean also be misleading sinee most macroalgae 
are opportunistie and biomass ean vary dram- 
atieally depending on environmental eonditions 
at the time of sampling. 

The elassifieation using the matrix based on 
the Jaeeard measure (MJAC) was better suited 
to the data (i.c. the groups were interpretable). 
When sorted with SAHN this elassifieation did 
not produce a high level of clustering (Fig. 19A) 
but the enhanced elustering techniques of 
NIASM and MACINF seemed to obseure real 
grouping anyway. The dendrogram of the 
MJAC/SAHN classification was subjeetively 
terminated at the 11 group level (Fig. 19A, B). 
(Note that Clifford & Stephenson 1975 stressed 
that different eut-off points ean be used on the 
one dendrogram but it was not neeessary or 
advantageous to do that here.) 

The inverse analysis of species with sites as 
attributes using MSED/SAHN resulted in few 
useful species groupings (see Appendix for 
twoway table based on MSED/SAHN species 
classifieation and MJAC/SAHN site elassifi- 
eation). Some of these speeies groups ean be 
used to distinguish ecologieally similar sites, 


while in other eases subjeetively selecting spe- 
cies from a few groups is better. In general, the 
first two species groups are found in oligotrop- 
hie, aeidie, mountain streams and rivers; Vau- 
cheria in slightly polluted, alkaline streams; 
Cladophora in heavily polluted urban streams; 
and Stigeoclonium in both disturbed mountain 
streams and polluted urban streams. These sub- 
divisions eorrespond elosely to the termination 
of the SAHN dendrogram at the 13 group level . 
The resultant communities are artifieial elump- 
ings of what appears to be a complex overlap- 
ping of species distributions, but they aid in 
eondensing the information. 

The eommunities deseribed below are named 
on the basis of the most distinetive species found 
at the group of sites. The species do not usually 
oeeur solely in that community, nor are they 
found in all eonstituent sites. The temperature 
range is derived from measurements taken at the 
time of sampling and so is likely to be narrower 
than the real range (the Cladophora/Stigeo- 
clonium and Nothocladus Communities oeeur at 
sites which were more intensively studied and 
are likely to have a more realistie temperature 
range). The speeies frequeney is the average 
number of species found per site. 


Fig. 19. ^, Dendrogram of sites using MJAC and SAHN communities: Cladophora/Stigeoclonium (ө), 
Cladophora (a), Vauchcria (m), Stigcoclonium (ж), Mixture (€), Batrachospermum kcratophytum (о), 
Scytonema/Klebsormidium (^), Nothocladus (0), Ocdogonium (Medium-Filament Group) (V), Schizothrix fricsii 
(9), no macroalgae (X). B, Distribution of these groups in the Yarra River basin. 
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The communities are described in approxi- 
mate order from those occurring in polluted 
habitats to those in pristine habitats. 


Cladophora/Stigeoclonium Community 


Sites 2, 12, 13, 23, 55, 56, 57, 59, 84, 86, 
87. 


Species frcquency: 2.8; watcr tem peraturc rangc: 
7-25°C. 


Polluted, lowland (altitude less than 150m), 
urban creeks are dominated by Cladophora 
glomerata in summer and Stigeoclonium spp. in 
winter (Entwislc 1989a). Thc water is alkalinc 
and hard (Victoria, EPA 1982) and, in January 
1988 (sites 12, 13, 55 mcasurcd twicc in conse- 
cutive weeks), pH гапрса from 7.7-8.0 and con- 
ductivity from 630-2160 pgS/cm (site 13, 
however, only ranged from 630-930 uS/cm). 
Few other species grow in these habitats. Kleb- 
sormidium rivulare may be prcscnt in winter, on 
exposed rocks or just submerged. The rcd alga 
Compsopogon coeruleus was found cxtensively 
in Darebin and Mcrri Crccks in 1981 (Entwisle 
& Kraft 1984) but was not found in 1986-87 
during thc current study. 

This community is also found in urban catch- 
ments outside of metropolitan Mclbournc (c.g. 
Yarrawee and Latrobe Rivers). 


Cladophora Community 
Sites 10, 11, 58, 85, 89, 90, 91, 98, 100, 118. 


Species frequency: 3.4; water temperature range: 
12-20'C. 


Although similar to thc Cladopltora/Stigeoclo- 
nium community, most of thcse sites have no 
Stigeoclonium spp. A number of additional dis- 
tinctivc specics are present, howcvcr, namcly 
Audouinella hermannii and Vaucheria spp. All 
sites occur in the lowcr reaches of the Yarra 
River whcre there is reasonably hcavy urban 
pollution. Stigeoclonium spp. can generally 
tolerate higher Icvels of organic and metal pol- 
lutants (Blum 1957, McLean 1974) than Clad- 
ophora and thrive in hcavily polluted streams, 
but in thc Yarra River basin thcy also grow in 
more oligotrophic waters than Cladophora. 
Undoubtedly therc exists a gradicnt of cutrophi- 
cation in polluted sitcs, and the Cladophora/ 
Stigeoclonium and Cladophora communities 
include habitats from opposite cnds of this 
gradient as well as intcrmcdiate sitcs. The lower 
Yarra River (sites 98, 100), for cxample, has 
lower nutrients than the urban tributarics 


flowinginto it (Victoria, EPA 1983). Cladophora 
can grow in water with low nutrients, but high 
pH or “hardness” is gencrally required (Marker 
& Close 1982). 4 

In other catchments, thcre are similar gradi- 
ents from thc Cladophora/Stigeoclonium com- 
munity to a morc species rich flora. In the 
Yarrawec River, for example, thc high nitrogen 
and phosphorus loading of the Ballarat Sewage 
Plant cfllucnt (and probably some farmland 
runoff) allows Cladophora and Stigeoclonium to 
dominate thc river. About 25 km from this 
input, howcver, Spirogyroideae (Elongate-Cell 
Group) bccomes a co-dominant, and other 
gencra (e.g. Palmellopsis) are found in small 
quantitics. 


Vaucheria Community 
Sitcs 3, 4, 7, 9, 15, 17, 22, 37, 42, 43, 96, 101. 


Spccies frequency: 3.8; watcr temperature range: 
10-14°С. 


Vaucheria, usually V. bursata, grows in slow- 
flowing parts of streams. Although it is found on 
muddy riverbanks throughout the catchment, it 
is seldom truly aquatic (Entwislc 1988). Most 
sites seem to have some nutricnt input, but agri- 
cultural rather than industrial or urban runoff. 
Various specics grow with Vaucheria, Spiro- 
gyroidcac (Mcdium-Filament Group) and 
Stigeoclonium spp. being the most common. 


Stigcoclonium Community 


Sitcs 29, 61, 80, 103, 104, 107, 108, 109, 111, 
112, 114. 


Spccics frcquency: 2.1; watcr tcmperaturc range: 
9-14*C. 


Upland streams (altitudc greatcr than 300 m) 
with some disturbancc are often dominatcd by 
Stigeoclonium spp. Few othcr spccies are found 
in thcsc sites, but those that are, c.g. Nothocladus 
lindaueri, Batrachospermum keratophytum, 
Sirodotia suecica and Mougcotioidcac spp., arc 
typical of oligotrophic waters. Most of the sites 
in this group are small cxpcrimental weirs in the 
Maroondah catchment. Thc water at these sites 
is acidic and of fairly high quality (pH 5.9-6.7 
and EC 73-111 pu S/cm а! sitcs 103, 104, 107- 
109, 111, 112, 114 in March 1988), cvcn 
following cxpcrimental logging in catchments 
(Langford & O’Shaughnessy 1977), but thc con- 
crete substratum is swcpt weekly with a broom 
and thc sediment on the weir disturbed. The 
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algae are probably distributed on brooms and 
the boots of personnel. 

Biggs & Price (1987) found Stigeoclonium to 
be typical of low conductive streams similar to 
the habitats included in this and the following 
community. Mcasurements taken at sites 107 
and 116 showed relatively low levels of Ca (5.4- 
7.2 mg/L) and Mg (0.6 mg/L). 


Scytonema hofmannii/Klebsormidium rivulare 
Community 


Sites 65, 71, 73, 34, 36, 45, 47, 69, 70 


Species frequency: 2.3; watertcmperature range: 
6-14°C. E 


Few species other than S. Лојтапнпапа К. rivu- 
lare were found at thesc sites (Ulotrichaceae 
indet. has bcen omitted since many records may 
refer to Klebsormidium anyway). Some addi- 
tional species were typical of slightly eutrophic 
water, e.g. Vaucheria spp., and others of oligo- 
trophic mountain streams, e.g. Nothocladus lin- 
daueri and Batrachospermum keratophytum. 
The widespread Schizothrix friesii was found in 
half the sites. All sites werc in upland creeks and 
rivers (altitude greater than 600 m), most of 
which flow through naturally forested land. This 
community is closcly related to the B. keratophy- 
tum and Nothocladus Communities, and the 
separation of these three communities on cco- 
logical grounds requircs further study. 


Schizothrix friesii Community 
Sites 30, 33, 49, 77, 92. 


Spccies frequency: 1.8; water temperature range: 
10-15°С. 


This community is representative of species- 
poor sites in warmer, littlc shaded creeks. The 
dominant specics is S. friesii, with either Drap- 
arnaldia mutabilis, Palmellopsis gelatinosa or 
Loefgrenia anomala. S. friesii is found through- 
out the Yarra River basin and cannot bc char- 
acterised ccologically (it may include a number 
of ecophenes). These sitcs may be individualis- 
tic; Coranderrk Creek at Healesville (Site 33), 
for example, had an extensive bloom of P. gel- 
atinosa, a species found in only small quantities 
elsewhere (except occasionally in the Notho- 
cladus Community). 


Oedogonium (Medium-Filament Group) Com- 
munity 


Sitcs 67, 75, 81, 82, 113, 116. 


Species frequency: 2.7; water temperature range: 
9-12'C. 


Oedogonium (Medium-Filament Group) is the 
only taxon found in all sites in this group but 
other species, e.g. Batrachospermum keratophy- 
tum, Nothocladus lindaueri and Parallela novae- 
zelandiae, are typical of these oligotrophic 
mountain strcams. This community has close 
specics affinities with thc Nothocladus Commu- 
nity but is poorer in species and scems to be 
restricted to smaller shaded streams in upland 
areas (altitude greater than 300 m). 


Nothocladus Community 


Sites 16, 18, 19, 20, 21, 24, 25, 26, 28, 39, 44, 52, 
72, 74, 76, 78, 83, 88. 


Species frequency: 7.5; water temperaturc range: 
6-19°С. 


The sites dominated by Nothocladus nodosus, №. 
lindaueri and Batrachospermum gelatinosuim 
are generally species rich. They occur in thc 
larger crecks and rivers, generally where the 
canopy has been opencd up. Therc is usually 
some nutrient input but water quality is gener- 
ally fairly high (Victoria, EPA 1983). The Yarra 
River at Warrandyte (Site 16) has nonc of the 
dominant specics and represents thc more pol- 
luted extent of this community. It is a site intcr- 
mediate betwcen thc lowcr and upper reachcs of 
the Yarra River (see below). Sites 26, 28, 78, 83, 
88 (measured January 1988) have 11.4-21.0 
mg/L Ca and 0.6-1.2 mg/L Mg, pH ranging from 
6.4 (site 26) to 8.0 (site 83), and conductivity 
from 82 pS/cm (site 78) to 109 uS/cm (site 
28). 


Batrachospermum keratophytum Community 
Sites 14, 40, 53, 60, 63, 64, 66, 68, 105. 


Species frequency: 3.3; water temperature range: 
6-12°С. 


Many of the upland (altitude mostly greater than 
600 m), shaded, cool-water creeks are domi- 
nated by B. keratophytum. Batrachospermum 
gelatinosum, Scytonema hofmannii and Loef- 
grenia anomala are also common. Most of these 
sites have been little disturbed. 


Other communities 


Sites 8, 27, 31, 32, 38, 41, 46, 48, 50, 51, 54, 62, 
7O NOS, WIS, HE 


Species frequency: 3.8; water temperature range 
7-19°C. 
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There are no suitable distinguishing species for 
these sites which include a wide range of species 
and habitats. Mougeotioideae spp., Oedogo- 
nium spp., Klebsormidium rivulare and Drapar- 
naldia mutabilis are the most common species 
found. Most sites are in naturally forested areas, 
although the Plenty River at Mernda (site 32) 
and Dixons Creek at Yarra Glen (site 48) are 
exceptions. 

Running Creek, Kinglake National Park (site 
117)isan interesting site in that it represents one 
of the few northern tributaries that are little dis- 
turbed. The EPA (pers. comm.) found that 
CaCO3 was high (570-730 mg/L) downstream 
of the collection site. This is contrary to most 
tributaries in forested areas, where the water is 
much softer. At site 117, however, calcium and 
magnesium levels were not particularly high (Ca 
8.0 mg/L, Mg 1.2 mg/L). The species recorded, 
Batrachospermum atrum and  Chaetophora 
elegans, are generally indieative of hard water 
overseas (Israelson 1942, Blum 1957). In Jan- 
uary 1988 the pH was 6.3 and the EC was 157 
uS/em, the latter figure being relatively high for 
the upper parts of the catehment. 

Sites with Batrachospermum gelatinosum and 
Nothocladus spp. (sites 46, 51, 62, 79, 106) may 
be better ineluded in the Not/tocladus or B. ker- 
atophytum Communities. Starvation Creek (site 
31) had extensive growths of Spirogyroideae 
(Elongate-Cell Group) in winter, similar to those 
found in MeMahons Creek. The latter is 
included in the Nothocladus Community 
because it had a far greater range of species in 
summer. Both streams have upstream distur- 


bances caused by forestry and water diversion. 
As with all sites in this "community", further 
work is needed to classify them adequately. 


No macroalgae 
Sites 5, 6, 93, 94, 95, 97, 99, 102, 110. 
Water temperature range: 9-14°C. 


These sites are mainly in large, turbid stretches 
of the Yarra River with no suitable substrata for 
macroalgae, or in small intermittent streams. It 
is probable that minimal growth of macroalgae 
would be found in such sites even under the right 
conditions. Many small tributaries in forests 
with a dense canopy also support little or no 
macroalgae but few of these sites were sampled. 


Yarra River gradient 


The relationship between species distributions 
and eutrophication levels in the Yarra River 
itself reflect the trends in the catchment as a 
whole. The important changes in species compo- 
sition in the Yarra River are given in Table 6. 
Sites 100, 98 and 96 are in the eutrophie group of 
sites deseribed above; sites 16, 25, 83, 78, 26, 27 
and 62 are intermediate; and sites 60 and 63 are 
in the oligotrophie group. 

Cladophora is almost restricted to areas of 
urban pollution (although it was also found in 
the Plenty River at Morang South, site 91) where 
it usually grows in association with Stigeoclon- 
ium. There is a transitional arca at Lower Plenty 
(site 98) where Scytonema hofmannii and Clad- 
ophora are found. There is another transitional 


Site: 100 98 16 96 25 78 26 21 62 60 63 
Cladophora 
——Audouinella--—-* 
Stigeoclonium 
Scytonema hofmannii 8 
-—— -Schizothrix friesii * 
Batraehospermaeeae E 
Loefgrenia ч 
Draparnaldia 
NH3: 0.22 0.07 0.6 0.03 0.02 0.01 
NO;: 0.83 0.58 0.54 0.39 0.23 0.09 
P: 0.26 0.18 0.16 0.07 0.09 0.05 


* Although missing at one or two sites, it is presumed that intensive colleetion would show the presence of the 
species throughout the range given. Audouinella was not found between sites 100 and 16 (Dights Falls and 
Warrandyte respectively) in this study but has previously been found in the Yarra River at Eltham. 


Table 6. Variation in species composition in riffle sites on Yarra River from Dights Falls (site 100) to Upper 
Yarra catchment (sites 62, 60, 63). Chemical data in mg/L, from MMBW in Campbell et al. 1982. 
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area near Warburton (sites 25, 83, 78, 26) 
where Batrachospermaceae and Loefgrenia 
first appear but Stigeoclonium is also present. 
Nutrient levels hcre are apparently high enough 
to support some pollution- tolerant algae but not 
so high as to inhibit clean-water species (if the 
latter are in fact inhibited by high nutrient levels 
rather than by competition from other species or 
by sensitivy to metals, etc.). Although predomi- 
nant in pristine mountain creeks, Scytonenia 
hofmannii occurs almost throughout the fresh- 
water parts of the Yarra River. 


Overseas studies 


In both Europe and North America most 
Streams seem to support genera similar to those 
in the Yarra River basin, and light, temperature, 
pH/hardness and eutrophication are everwhere 
important limiting factors for macroalgac. Most 
ofthe overseas studies on macroalgal ecology are 
from higher latitudes than the Yarra River, so 
that temperatures arc lower and snow and snow- 
melts are important factors. Many northern 
hemisphere catchments also have “harder”, 
more alkaline natural waters. 

Israelson (1942, 1949) proposed the first eco- 
logical classification of streams based solely on 
macroalgae. He divided the streams of Scandi- 
navia into the “Vaucheria Type" in eutrophic 
waters, and the “Zygnema Type" in oligotro- 
phic waters. Whilst this division is apparent in 
the present analyses of both sites and strata, 
there are also habitats in the Yarra Rivcr basin 
that are obviously intermediatc. Thc most 
eutrophic portions of streams in the Yarra River 
basin are dominated by Cladopliora, Stigeoclon- 
ium and Vaucheria. The oligotrophic sites arc 
dominated by Nothocladus spp., Batrachosper- 
mum gelatinosum, B. keratophytum, Loefgrenia 
anomala and Scytonema hofmannii. As in thc 
Scandinavian streams, the last group of sites can 
be subdivided into those with Batrachosperma- 
ceae and those without. Thcre are also sitcs in 
the Yarra River basin which include species 
from both of these groups. Other sites, appar- 
ently intermediate in terms of eutrophication, 
are dominated by Palmellopsis or Schizothrix 
friesii. 

There are othcr minor differences between the 
findings of Israelson (1949) and those of the 
present study. Israelson included Draparnaldia 
in the Vaucherialeutrophic type, but in the 
Yarra River basin Draparnaldia is often found 
with Batrachospermaceae in sites of an inter- 
mediate nature. Batrachospermum boryanum is 


also included in this intermediate group of sites 
in the Yarra River basin. Zygnemataceae in the 
Yarra River basin do not seem to bc sufficiently 
common or sufliciently restricted in distri- 
bution to be used for classification, although thc 
intermediate sites are notable for their greater 
number of Zygnemataccae species. Environ- 
mental factors other than thosc measured or 
estimated may be linked with the distribution of 
this group of algae. 

Johansson (1982) characterised certain 
stream types in Sweden by macroalgae. Of the 
species occurring commonly in the Yarra River 
basin, Johansson mentioned Cladophora glom- 
erata and Vaucheria spp. in low altitude streams 
with high pH, conductivity and calcium; Bat- 
rachospermum gelatinosum (= B. moniliforme of 
Johansson) in shaded, lowland streams with 
brown water; and B. gelatinosum and Vaucheria 
spp. in small cold streams. Various Zygnema- 
taceae were also associatcd with these species. In 
thc Yarra River basin Johansson's first two 
groups occur in similar habitats but the third 
group is more typical of larger intermediate 
streams. In the small, cold streams running into 
the Yarra River, Batrachospermum keratophy- 
tum and Scytonema hofmannii are most com- 
mon. Johansson found an Anomoeonsis-Tolypo- 
thrix community in similar high altitude streams 
(Tolypothrix is a cyanophyte referred to Scyto- 
nema by Drouet 1973). There is no apparent 
reason (such as high nitrate levels) for the pre- 
dominance of a non-hcterocyst ecophene of 
Scytouema hofmannii in the oligotrophic parts 
ofthe Yarra River basin. As in the present study, 
vegetative groups of Oedogonium were found by 
Johansson to occur in many habitats and proved 
to be of little value in classification. 

In Alaska, temperate/sub-arctic streams at a 
similar latitude to those in Scandinavia are 
dominated by Hydrurus foetidus (Villars) Trevi- 
san or Phormidium retzii (C. Agardh) Gomont, 
depending on strcam size and tempcrature 
(Sheath et al. 1986b). In more temperate regions 
of North America Hydrurus is less important, 
but there is generally a dominant cyanophyte in 
at least some streams. The Saline River of the 
Unitcd States, intensively studied by Blum 
(1957), is primarily alkaline and calcareous (as 
are the strcams studied by Johansson), and the 
Phormidium-Schizothrix-Audouinella commu- 
nity is distinctive in unpolluted portions (the 
Schizothrix mentioned by Blum 1957 is tufty 
like Scytonema hofmannii). 

Several ofthe stream communities recognised 
by Dillard (1969) in North Carolina are found in 
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the Yarra River basin. The “Spirogyra/Oedo- 
gonium community" found in spring/summer is 
common in the intermediate and some oligo- 
trophic streams in well-lit riffles. The “Phor- 
midium Aufwuchs" found in spring may be 
equivalent to the mats of Schizothrix friesii so 
common inthe Yarra River basin. Dillard found 
that these mats are replaced by Batracho- 
spermum Sirodotii in carly summer. In the Yarra 
River basin, B. gelatinosum and Nothocladus 
Spp. are dominant in the warmer months. “ Vau- 
cheria Aufwuchs” were found in slower parts of 
rivers in North Carolina, as they were in the 
Yarra River. These and most of the other com- 
munities mentioned by Dillard (1969) are typi- 
cal of the intermediate stretches of the Yarra 
River basin. 

Most of the macroalgal genera found in the 
softwater, acid streams of Rhode Island (Sheath 
et al. 1986a, Sheath & Burkholder 1985) also 
occur in the Yarra River basin. The pH (effeet- 
ing the carbon dioxide/carbonate balance) was 
considered by Sheath & Burkholder (1985) to be 
a key influence on algal distribution. Seasonal 
abundance was related to irradiance, primarily 
due to the development of a canopy over the 
stream. In the mountain streams of the Yarra 
River basin the canopy is largely evergreen, and 
seasonal effects scem to be due mostly to tem- 
perature rather than irradianee or photoper- 
lod. 

The groupings of New Zealand streams by 
Biggs & Price (1987) separate the polluted 
stretches dominated by Cladophora glomerata 
from the less eutrophic stretches dominated by 
other green algal genera such as Ulothrix, Spi- 
rogyra and Stigeoclonium. Few red algae were 
recorded, perhaps because they did not form the 
large proliferations that were the topic of Biggs & 
Price's paper. 


Value of ecological groupings. 


As with all stream organisms, the ecology of 
macroalgae seems to differ from that of neigh- 
bouring terrestrial inhabitants. In most cases 
there is little value in talking of succession or 
climaxes; competition for substratum and space 
does occur but there is no unidirectional change 
in the composition of the flora. It seems better to 
talk of something like a “latent flora" which pro- 
vides the basis for the flora observed at any one 
time and in any one micro-habitat. Environ- 
mental factors effect the composition of this 
"latent flora” and also the extend to which it is 
expressed as visible biomass. Many macroalgac 


are maintained through seasons not suitable for 
growth by small patches of filaments and/or 
spores. The complex interaction of chemical and 
physical parameters in a stream leads to a visiblY 
expressed flora which is stochastic in any prac 
tical sense: floods, in particular, play a very 
important role in the amount of biomass pro- 
duced (Tett et al. 1978; Tominga & Ichimura 
1966). 

It should be possible, however, to predict à 
likely or probable flora in most stretches of any 
given river. That is, at some places in a particu- 
lar river habitat, certain species are more likely 
to be growing at certain times of the усаг ог 
following certain events than other species. The 
converse is also true: the presence of certain spe- 
cies in some quantity can suggest certain prob- 
able environmental events or parameters. At our 
present level of understanding of the Yarra 
River system, such predictions are only possible 
in very uniform environments such as the pol- 
luted urban creeks. 


CONCLUSIONS 


The Yarra River basin includes mostly clean, 
acidic streams which become more polluted 
(nutrient rich, harder and more alkaline) as they 
flow through or meet streams from agricultural 
and urban regions. Even in the most polluted 
reaches, Cladophora glomerata, a species not 
tolerant of high metal pollution, is found. Stigeo- 
clonium spp. are common in strongly or mildly 
enriched streams but not in large masses, except 
in urban егеск5 in winter. In the acidic, shaded. 
clear streams few species are found but the 
Batrachospermaceae usually appear when the 
canopy is not too dense. Associated with the 
Batrachospermaccac are Scytonema hofmannii, 
Loefgrenia anomala, and Parallela novae-zelan- 
diae. 

Mountain streams with some nutrient input 
may be dominated seasonally by Spirogyra 
(autumn/winter) or, more rarely, by РаітеПор- 
sis (spring/autumn). Vaucheria occurs both in 
sites with intermediate levels of eutrophication, 
together with Batrachospermaceae and other 
"clean-water" species, and їп small agricultu- 
rally polluted creeks. Oedogonium (Medium- 
Filament Group) and Draparnaldia are also taxa 
which oceur commonly in intermediate to clean 
stretches of river. Species richness is greatest in 
intermediate, broad stretehes of the Yarra River 
and minimal in polluted urban streams and pris- 
tinc mountain strcams. This trend is paralleled 
in studies of physically disturbed environments, 
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where species richness is highcr after “‘inter- 
mediate” disturbance (Conncll 1978). The 
phenology and distribution of macroalgac in the 
species-rich stretches of the Yarra River ncar 
Warburton and the species-poor creeks in the 
upper part of the catchment arc presently under 
examination. 

Тћегс arc many avenues for further study into 
the ecology of freshwater macroalgac in Aus- 
tralian streams; e.g. an analysis of the limits of 
Stigeoclonium distribution; thc phenology of 
macroalgae in pristine mountain streams with 
Scytonema hofmannii, and their tolerance to 
disturbance; thc distribution and autoccology of 
S. friesii (which may contain a number of eco- 
phenes); intensive study of the lifc histories and 
distributions of Not/tocladus species and Bat- 
rachospermum keratophytum; and studies into 
the morc restrictcd taxa (such as B. boryanum 
and specics of Sirodotia, Porphyrosiphon, Arth- 
rospira and Audouinella) to detcrmine if and 
why they arc limited to certain areas. In addi- 
tion, there is great potential for extensive com- 
parisons between the Yarra River basin and 
other Victorian basins that are cxposed to dif- 
fcrent sorts of influences (c.g. Acheron and 
Latrobe Rivcrs). 

The water quality objectives for the Yarra 
River system include thc absence of “excessive 
or nuisance growth of aquatic plants" (Statc 
Environmental Protection Policy, W-29). Such 
growths occur in urban creeks in summcr and in 
some altercd mountain streams (such as Star- 
vation and McMahons Creeks) in autumn and 
winter. In both cases thc algal growths could re- 
strict some of the bencficial uses of streams, such 
as fishing, recreation and ccosystem protection. 
In most other areas macroalgae do not presently 
form “nuisance” growths. 


ACKNOWLEDGEMENTS 


I thank the Australian Water Resources Ad- 
visory Council for thcir support of freshwater 
macroalgal studies, and in particular for sup- 
porting my own work on the Yarra River basin 
(National Water Research Program, Project 
85/75). The School of Botany, University of 
Melbourne, provided accommodation for my 
collections and myself. Dr G.T. Kraft (Univer- 
sity of Melbourne), Dr P. Broady (University of 
Canterbury, Christchurch), Dr R. King (Univer- 
sity of New South Wales) and Dr W.J. Woelker- 
ling (La Trobe University) read the manuscript 
and offered useful advice and criticism. The 
CSIRONET help desk in Canberra and David 


Melick provided information about TAXON. 
The Melbourne & Mctropolitan Board of Works 
were exceedingly helpful, and I thank Pat 
O’Shaughnessy and my "drivers", Neville, 
John, Charles and Gary. The Melbourne & 
Metropolitan Board of Works and The School of 
Botany, University of Melbourne generously 
contributed towards the cost of publication. 


REFERENCES 


AGARGH, C. A., 1811. Dispositio Algarum Sueciae. 
Part 2. Berling’s Printing Office, Lund, 17- 
26. 

AGARDH, C. A., 1812. Dispositio Algarum Sueciae. 
Part 4. Berling’s Printing Office, Lund, i-iii, 
35-42. 

AGARDH, C. A., 1824. Systema Algarum. Berling's 
Printing Officc, Lund, xxxviii * 312 p. 
AGARDH, J. G., 1883. Till algernes systematik. УІ. 
Ulvaceae. Acta Univ. lund. 19: 1-182, pls 1– 

4. 

ANAGNOSTIDIS, K. & KOMAREK, J., 1985. Modern 
approaches to the classification system of cy- 
anophytes. 1. Introduction. Arch. ITydrobiol. 
Suppl. 71 (Algological Studies 38/39): 291- 
302. 

ANAGNOSTIDIS, К. & KOMAREK, J., 1988. Modern 
approaches to the classification system of cy- 
anophytes. 3. Oscillatoriales. Arch. [Tydrobiol. 
Suppl. 80 (Algological Studies 50/53): 327- 
402. 

ARESCHOUG, J. Е., 1866. Observationes Phycologicac. 
I. Act. Reg. Soc. Sci. Upsala, Ser. 3, 9: 1-26. 

Baker, А. Е. & Вог, Н. C., 1970. Taxonomic studies 
in the Oscillatoriaceae. Phycological studies 
X. Univ. Tex. Publs 7004: 1-105. 

Baker, K. K., 1987. Systematics and ecology of 
Lyngbya spp. and associated species (Cy- 
anophyta) in a New England salt marsh. J. 
Phycol. 23: 201-208. 

BARRETT, B., 1971. The Inner Suburbs. The Evolution 
of an Industrial Area. Melbourne University 
Press, Melbourne, xv + 181 p. 

Barson, M. M., 1984. Numerical Analyses of 
Macrophyte Vegetation in Victorian Wetlands. 
PhD thesis, University of Melbourne, x + 157 


p. 

Basson, P. W., 1979. Marine algae of the Arabian Gulf 
coast of Saudi Arabia (second half). Bot. Mar. 
22: 65-82. 

BAYLY, |. A. E. & WILLIAMS, №. D., 1973. Inland 
Waters aud tlieir Ecology. Longman, Cam- 
berwell, Australia, 316 p. 

ВЕЕМ, A. P. VAN & SIMONS, J., 1988. Growth and mor- 
phology of Draparnaldia mutabilis (Chloro- 
phyecae,  Chactophorales) in synthetic 
medium. В. phycol. J. 23: 143-151. 

BELLINGER, E. G., 1980. A Key to the Common British 
Algae. The Institution of Water Engineers & 
Scientists, London, iv + 94 p. 


70 TIMOTHY JOHN ENTWISLE 


BENSON-EVANS, K., WILLIAMS, P. F., MCLEAN, К. О. 
& PRANCE, N., 1975. Algae communities in 
polluted rivers of South Wales. Verh. Int. 
Verein. theor. angew. Limnol. 19: 2010- 
2019. 

BERTHOLD, G., 1878. Untersuchungen über die 
Verzweigung einiger Süsswasseralgen. Nova. 
Acta Leopoblina 40: 169-230. 

BicGs, B., 1985. Algae. A blooming nuisance in rivers. 
Soil & Water 21: 27-31. 

BicGs, J. F. & PRICE, С. M., 1987. A survey of fila- 
mentous algal proliferations in New Zealand 
rivers. №. 2. Jl mar. freshw. Res. 21: 175- 
191. 

BLUM, J. L., 1957. An ecological study of the algae of 
the Saline River, Michigan. Hydrobiologia 9: 
361-408. 

BLUM, J. L., 1959. Algal populations in flowing waters. 
In The Ecology of Algae, C. A. Tryon & R. T. 
Hartman, eds, Special Publ. No. 2, Pymatu- 
ning Laboratory of Field Biology, University 
of Pittsburgh, 11-22. 

Вогр, H.C. & Wynne, M. J., 1985. Introduction to the 
Algae. Structure and Reproduction, 2nd Ed. 
Prentice-Hall, Englewood Cliffs, New Jersey, 
xvi * 720 p. 

Вокмғт, M. E. & FLAHAULT, C., 1888. Revision des 
Nostoeaeées Hétérocystées. Annis Sci. nat. 
VIL, Bot. 7: 177-262. 

Bory DE St-ViNcENT, J. B., 1808. Mémoire sur le 
genre Draparnaldia de la famille des Con- 
ferves. Annls Mus. па! Hist. nat. 12: 399- 
409. 

BORY DE Sr-ViNcENT, J. B., 1823. Dictionnaire 
Classique d'Histoire Naturelle. Vol. 3. Rey & 
Gravier, Paris, iii + 592 p. 

BOURRELLY, P., 1966. Les Algues d'eau Douce. Initi- 
ation à la Systématique. Vol. I. Algues Vertes. 
N. Boubée, Paris, 511 p. . 

BOURRELLY. P., 1968. Les Algues d'eau Douce. Initi- 
ation à la Systématique. Vol. 2. Les Algues 
Jaunes et Brunes. N. Boubée, Paris, 437 p. + 
foldout table. 

BourELLy, P., 1985. Les Algues d'eau Douce, Initi- 
ation à la Systématique. Vol. 3. Algues Bleues 
et Rouges, rev. edn. N. Boubée, Paris, 606 p. 

BRoApv, P. A., GARRICK, К. & ANDERSON, G., 1984. 
Culture studies on the morphology of ten 
strains of Antaretie Oseillatoriaecae (Cyano- 
baeteria). Polar Biol. 2: 233-244. 

CAMPBELL, l. C., MACMILLAN, L. A., SMITH, A. J. & 
McKaiGE, M. E., 1982. The Benthic Macro- 
invertebrates of the Yarra River and its Trib- 
utaries. Environmental Studies Series, Publ. 
No. 362, Ministry of Conservation, Victoria, 
ix + 289 p. 

CANDOLLE, А. P. DE, 1801. Extrait d'un rapport sur les 
eonferves, fait à la société philomathique. 
Bull. Soc. philomath. Paris 3: 17-21. 

CANDOLLE, A. P. DE, 1802. Rapport sur les conferves, 
fait à la société philomatique. J. Phys. Chim. 
Hist. nat. 54: 421-441. 


CASTAGNE, L., 1851. Catalogue des plantes qui crois- 
sent naturellement aux environs de Marseille. 
Supplément. Nicot & Pardigon, Aix, 125 p. 

CEDERGREN, G. R., 1920. Draparnaldia mutabilis 
(Roth) nov. сотб., non Bory. Bot. Notiser 
1920: 159-160. 

CHESSMAN, B. C., 1982. Latrobe Valley Water 
Resources Biological Studies. Vol. 3. Algal and 
Functional Ecology. Latrobe Valley Water 
and Sewerage Board, Traralgon, vi + 96 p. 

CHRISTENSEN, T., 1970. Vaucheria prona, anew name 
for a common alga. Bot. Tidsskr. 65: 245- 
251: 

CLIFFORD, H. Т. & STEPHENSON, W., 1975. Ап Intro- 
duction to Numerical Classification. Acad- 
emie Press, New York, xii + 229 p. 

COLLINS, Е. S., 1909. The green algae of North Amer- 
iea. Tufts Coll. Stud., Sci. ser. 2: 79-480, pls 
1-18. 

CONNELL, J. H., 1978. Diversity in tropical rainforests 
and coral reefs. Sciencc 199: 1302-1310. 

CoNNOR, S., 1985. River research gets washed away. 
New Scient. 1471: 38—40. 

CoNSULTING ENVIRONMENTAL ENGINEERS, 1986. 
Water Quality in Victorian Streams. Basin 29: 
Yarra River Basin. Department of Water 
Resources, Victoria, xiii + 7 +i p. 

Cox, E. R. & Borp, Н. C., 1966. Taxonomic investi- 
gations of Stigeoclonium. Phycological Studies 
7. Univ. Tex. Publ. 6618: 1-167. (Reprinted 
1977, Otto Koeltz, Kocnigstein). 

Cummins, K. W., 1962. An evaluation of some 
techniques for the collection and analysis of 
benthie samples with special emphasis on lotie 
waters. Am. Midl. Nat. 62: 477-504. 

CZURDA, V., 1932. Zygnemales. In Die Stisswasser- 
flora Mittleuropas. Vol. 9, 2nd edn, A. Pascher 
ed., Gustow Fiseher Verlag, Jena, vi + 232 


p. 

DESIKACHARY, T. V., 1959. Cyanophyta. Indian 
Council of Agricultural Research, New Delhi, 
х + 686 p. 

DzsvAUx, N. A., 1809. Plantes trouvés dans le Haut- 
Pointou, les unes nouvelles, les autres point 
indiquées dans la Flore de France. J. bot. Soc. 
Paris. 2: 307-318. 

DILLARD, G., 1969. The benthic algal communities of 
a North Carolina picdmont stream. Nova 
Hedwigia 17: 9-29. 

DiLLwvN, L. W., 1809. British Confervae [Introduc- 
tion]. W. Phillips, London, 39 p. 

DROUET, F., 1968. Revision of the classification of 
the Oscillatoriaceae. Monogr. natn Acad. Sci. 
Philad. 15: 1-370. 

DROUET, F., 1973. Revision of the Nostocaceae with 
Cylindrical Trichomes (formerly Seytonema- 
taceae and Rivulariaceae). Hafner Press, New 
York, 292 p. 

DROUET, F., 1978. Revision of the Nostocaceae with 
constrieted trichomes. Beil. Z. Nova Hedwigia 
57: 1-258. 

DROUET, F., 1981. Revision of the Stigonemataceac 


YARRA RIVER MACROALGAE 71 


with a summary of thc classification of the 
blue-green algac. Nova Hedwigia 66: 1-221. 

Рову, J. E., 1830. Aug. Pyrami de Candolle Botanicon 
Gallicum. Part 2. Bouchard-Huzard, Paris, 
i-vi, 545-1068. 

DUMORTIER, B. C., 1822. Commentationes Botanicae. 

. Casterman-Dicn, Tournay, iii + 116 p. 

ELENKIN, A. A., 1917. O polozhenii v sisteme sine- 
zelenykh vodorosleg rodov Loefgrenia Gom. i 
Hyella Born. et Flah. /2у. Bot. Sada Petra Veli- 
kago. 17: 89-108. 

ENGLER, A., 1898. Syllabus der Pflanzenfamilien. . . 2. 
Ausg. Berlin, xii + 214 p. 

ENTWiSLE, T. J., 1988. A monograph of Vaucheria 
(Vaucheriaceae, Chrysophyta) in  south- 
castern mainland Australia. Aust. syst. Bot. 1: 
1-77. 

ENTWiSLE, T. J., 1989a. Phenology of the Cladophora- 
Stigeoclonium community in two urban creeks 
of Melbourne. Aust. J. mar. freshw. Res. 40 (in 
press). 

ENTWisLE, T. J., 1989b. The lean legacy of freshwater 
phycology in Victoria. In Development of 
Systematic Botany in Australasia. Proceedings 
of the Botanical History Symposium, P. Short, 
cd. (in press). 

ENTWisLE, T. J. & KRAFT, G. T., 1984. Survey of 

freshwater rcd algae (Rhodophyta) of south- 

castern Australia. Aust. J. mar. freshw. Res. 

35: 213-259. 

H., 1978. Xanthophyccae. Part 1. In 

Stisswasserflora von Mitteleuropa. Vol. 3, H. 

Ettl, J. Gerloff & H. Heynig, eds, Gustav 

Fischer Verlag, Stuttgart, xiv + 530 p. 

FJERDINGSTAD, E., 1964. Pollution of strcams esti- 
mated by benthal phytomicro-organisms. I. A 
saprobic system based on communitics of 
organisms and ecological factors. int. Revue 
ges. Hydrobiol. Hydrogr. 49: 61-131. 

FJERDINGSTAD, E., 1965. Taxonomy and saprobic 
valency of benthic phytomicro-organisms. Int. 
Revue ges. Hydrobiol. Hydrogr. 50: 475- 
604. 

FLINT, E. А., 1974. Parallela, a new genus of fresh- 
water Chlorophyta in New Zealand. N. Z. Ji 
Bot. 12: 357-363. 

Forest, H. S., 1956. A study of thc genera Draparnal- 
dia Bory and Draparnaldiopsis Smith et 
Klyver. Castanea 21: 1-29. 

Fort, B., 1960. Taxonomischc Ubertragungen and 
Namensánderungen unter den Algen. Preslia 
32: 142-154. 

FRANCKE, J. A., 1982. Morphological plasticity and 
ecological range in three Stigeoclonium species 
(Chlorophyceae, Chaetophorales). Br. phycol. 
J. 17: 117-133. 

FRANCKE, J. А. & SIMONS, Ј., 1984. Morphology and 
systematics of Stigeoclonium Kütz. (Chacto- 
phoralcs). In Systematics of the Green Algae, 
D. E. G. Irvine & D. M. John, eds, Academic 
Press, London, 363-377. 

Fries, E. M., 1825. Systema Orbis Vegetabis Plantae 


ETTL, 


Homoemeae. Typographia Academica, Lund, 
vii + 367 p. 

FRITSCH, Е. E., 1935. The Structure and Reproduction 
of the Algae. Vol. 1. Cambridge University 
Press, Cambridgc, xvii + 791 p. 

GAUTHIER-LIEVRE, L., 1965. Zygnémacécs Afri- 
caines. Nova Hedwigia 20: viii + 210, pls I- 
[3° 

GEITLER, L., 1932. Cyanophyceae. In Kryptogamen- 
Flora. Vol. 14, L. Rabenhorst, ed., Adadem- 
ische Verlagsgescllschaft, Leipzig, 1178 p. 

GOLDMAN, С. К. & HORNE, A. Ј., 1983. Limnology. 
McGraw-Hill, New York, xvi + 464 p. 

GoMoNT, M., 1892. Monographie des Oscillariées 
(Nostocacées, Homocystécs). Annis. Nat., Sér. 
7 Bot. 15: 263-368; 16: 91-267. [Reprintcd 
1962. In Historiae Naturalis Classica. Vol. 19. 
J. Cramer, & H. K. Swann, eds; with Introduc- 
tion by M. P. Bourrelly, v-xi. Wheldon & 
Wesley & Hafner, Codicote & New York]. 

GONZALVES, E. A., 1981. Oedogoniales. Indian Coun- 
cil of Agricultural Research, New Delhi, 757 


p. 

GRAY, S. F., 1821. A Natural Arrangement of British 
Plants. Vol. 1. London, xxvii + 824 p. 
GREUTER, E. G., ET AL., 1988. International Code of 
Botanical Nonienclature Adopted by the Four- 
teenth International Botanical Congress, 
Berlin, August, 1988. Bohn, Scheltema & 

Holkema, Urccht, xiv + 328 p. 

GREVILLE, В. K., 1824. Flora Edinensis. . . W. 
Blackwood, Edinburgh, Ixxi + 478 p. 
HAMEL, G., 1925. Floridées de France. Revue Algol. 2: 

39-67. 

HANSGIRG, A., 1885. Ein Beitrag zur kenntniss von der 
Verbcitung der Chromatophoren und Zell- 
kerne bci den Schizophyceen (Phycochroma- 
eeen). Ber. dt. bot. Ges. 3: 14-22. 

HaRvv, A. D., 1905. The fresh-water algae of Victoria. 
Part 11. Victorian Nat. 22: 31-35, 62-73. 

HARDY, A. D., 1906. The fresh-water algac of Victoria. 
Part IIl. Victorian Nat. 23: 18-22, 33-42. 

Harpy, A. D., 1907. Notcs on a peculiar habitat of a 
Chlorophytc, Myxonema tenue. Jl R. microsc. 
Soc. 1907: 279-281. 

Harpy, A. D., 1938. Disappearance of freshwater 
pools. Victorian Nat. 55: 102. 

Harvey, W. H., 1841. А Manual of the British Algae. 
London, lvii + 229 p. 

HAssALL, A. H. 1843. Descriptions of British 
freshwater Confervac, mostly ncw, with obser- 
vations on some of thc gcnera. Ann. Mag. nat. 
Hist. 11: 428-437. 

HAZEN, T. Е., 1902. The Ulotrichaccac and Chaeto- 
phoraceae of the United States. Mem. Torrey 
bot. Club 11: 135-250. 

Hiren, К. E., 1900. Monographie und Iconographie der 
Ocdogonioceen. Acta Soc. Sci. fenn. 27: 1- 
394. [Reprinted 1960. In Historiae Naturalis 
Classica, Vol. 17, J. Cramer & H. K. Swann, 
eds. ] 

HOEK, C. VAN DEN, 1963. Revision of the European 


72 TIMOTHY JOHN ENTWISLE 


Spccics of Cladophora. E. J. Brill, Leiden, vii + 
248 p. 

HOEK, C. VAN DEN, 1982. A Taxonomic Revision of the 
American Species of Cladophora (Chloropliy- 
ceae) in the North Atlantic Occan and their 
Gcographic Distribution. (Vcrhandelingen der 
Koninklijke Nederlandse Akademie von 
Wetenschappen, Afd. Natuurkunde, Tweede 
Recks, Deel 78) North Holland, Amsterdam, 
236 p. 

HOLGREN, P. K., KEUKEN, W. & SCHOFIELD, E. K., 
1981. Index Herbariorum. Part 1. The Her- 
baria of the World, 7th Edition. Bohn, Schel- 
tema & Hokema, Utecht, [Regnum Vegetabile 
Vol. 106], 452 p. 

Нознах, К. W., WELLS, C. V. & McCourt, R. M., 
1987. A polyploid species complex in Spiro- 
gyra maxima (Chlorophyta, Zygnemataceae) 
a species with large chromosomes. J. Phycol. 
23: 267-273. 

HUMM, Н. J. & Wickes, S. R., 1980. Introduction and 
Guide to the Marine Bluegrecn Algac. John 
Wiley, New York, x + 194 p. 

ISLAM, A. K. M. NURUL., 1963. A revision of the genus 
Stigcoclonium. Nova Hedwigia. 10: vi+ 164 p, 
pls 1-47. 

IsRAELSON, G., 1942. The freshwater Florideae of 
Sweden. Symb. bot. ups, 6: 1-135. 

ISRAELSON, G., 1949. On some attached Zygnemales 
and their significance in classifying streams. 
Bot. Notiser 1949: 313-358. 

IYENGAR, M. O. P., 1932. Two little-known genera of 
green algae (Zctrasporidium and Ecballo- 
cystis). Part 1. Tetrasporidium javanicum 
Moebius. Ann. Bot. 46: 191-199, 

JOHANSSON, C., 1982. Attached algal vegetation in 
running waters of Jümtland, Sweden. Acta 
phytogcogr. suec. 71: 1-84. 

JOHANSSON, C., KRONBORG, L. & THOMASSON, K., 
1977. Attached algal vegetation in running 
waters. A literature review. Excerpta bot., Ser. 
B. Soc. 16: 126-178. 

JOLLY, V. H. & CHAPMAN, M. A., 1966. A preliminary 
biological study of the effects of pollution on 
Farmer's Creek and Cox's River, New South 
Wales. Hydrobiologia 27: 160-192. 

JUTSON, J. T., 1911. A contribution to the physi- 
ography of the Yarra River and Dandenong 
Creek Basins, Victoria. Proc. R. Soc. Vict. 23: 
469-514. 

KADEUBOUSKA, J. Z., 1984. Chlorophyta VIII. Con- 
jugatophyceac. 1. Zygnemales. In Síisswasscr- 
flora von Mittclcuropa. Vol 16, H. ЕШ,, J. 
Gerloff, H. Heynig, & D. Mollenhauer, eds, 
Gustav Fischer Verlag, Stuttgart, 532 p. 

KOEMAN, R. P. T. & HOEK, C. VAN DEN, 1982. The 
taxonomy of Enteromorplia Link, 1820 
(Chlorophyceae) in the Netherlands. ]. The 
section Proliferac. Cryptogamie: Algol. 3:37- 
70. 

Корѕнікоу, O. A., 1953. The Freshwater Algae of the 
Ukrainian SSR. V. Sub-class Protococcincae. 


Vacuolales and Protococcales. Znachnik Pris- 
novodnitch Vodorestei, URSR, Kiev, 439 p. 

Ковѕнікоу, О. A., 1987. Tlic Freshwater Algae of the 
Ukrainian SSR. V. Sub-class Protococcincac. 
Vacuolales and Protococcalcs, trans. J. №. С. 
Lund & W. Tylka, Bishen Singh Mahendra Pal 
Singh & Koeltz Scientific Books, Dehra Dun, 
India, iv + 412 p. 

KOSTER, J. T., 1955. The genus Rhizoclonium Kütz. in 
the Netherlands. Pubbl. Staz. zool. Napoli 27: 
335-357. 

KUtzinG, F.T., 1833. Algologische Mittheilunger-I1. 
Uber eine neue Gattung der Confervaceen 
Ulothrix. Flora 16: 517—521. 

KüTziNG, Е. T., 1843. Phycologia Gencralis ... Е. A. 
Brokhaus, Leipzig, xxxii + 458 p. 

KÜTZING, F. T., 1845. Phycologia Germanica ... 
Kóhne, Nordhausen, x + 340 p. 

KÜTZING, Е. T., 1849. Species Algarum. Е. A. Brock- 
haus, Leipzig, xi + 922 p. [Reprinted 1969, A. 
Asher, Amsterdam]. 

KüTziNG, F. T., 1856. Tabulae Pliycologicae . . . Vol. 
6. Nordhausen, 35 p. 

KYLIN, H., 1912. Studien über die schwedischen Arten 
der Gattung Batrachospermum Roth und Siro- 
dotia nov. gen. Nova Acta R. Soc. Scient. ups. 
Ser. IV 3: 1-40. 

LAGERUEIM, G., 1887. Note sur Р Uroncma, nouveau 
genre des algues d'eau douce. Malpigia 1: 517— 
523. 

LAMARCK, J. P. A. М. & CANDOLLE, А. P. DE, 1805. 
Flora francaise. Vol. 2., 3rd edn, Desray, Paris, 
600 p., with one folding map. 

LANGFORD, К. J. & O'SHAUGHNESSY, P. J., 1977. First 
Progress Report. Nortli Maroondah. Mel- 
bourne & Metropolitan Board of Works, 
Report No. MMBW-W-005, Melbourne, xx + 
340 p. 

LEMMERMANN, E, 1899. Das Phytoplankton 
sichsischer Teiche. ForschBer. biol. Stn Plön 
7: 96-135. 

Link, Н. F., 1820. Epistola de Algis aquaticis in genera 
disponendis. In //оғас Physicac Bcrolinenscs 
... by C. G. D. Nees von Esenbeck, A. Mar- 
cus, Bonn, 1-8, pl. 1, 

Іокповѕт, С. M. & VROMAN, M., 1972. Taxonomic 
study on three freshwater Ulothrix species. 
Acta bot. neerl. 21: 449-480. 

Lokuorst, С. M. & VROMAN, M., 1974a. Taxonomic 
studies on the genus Ulothrix (Ulotrichales, 
Chlorophyceae). 11. Acta bot. nccrl. 23: 369- 
398. 

LOKHORST, С. M. & VROMAN, М., 1974b. Taxonomic 
studies on the genus Ulothrix (Ulotrichales, 
Chlorophyceae). П. Acta bot. ncerl. 23: 561- 
602. 

Lunp, J. W. G., 1960. Some new or rare Chrysophy- 
ecae from the English Lake district. //ydro- 
biologia 16: 97-108. 

McLean, R. O., 1974. The tolerance of Stigcoclonium 
tenuc Kiitz. to heavy metals in South Wales. 
Br. phycol. J. 9: 91-95. 


YARRA RIVER MACROALGAE 73 


MCLEAN, R. О. & BENSON-Evans, K., 1974. The dis- 
tribution of Stigeoclonium tenue Kütz. in 
South Wales in relation to its use as an indi- 
eator of organic pollution. Br. phycol. J. 9: 
83-89. 

MARKER, А. F. Н. & CLosE, H., 1982. The population 
and produetion dynamics of benthie algae in 
an artificial recirculating hard-water stream. 
Phil. Trans. R. Soc. Lond. B 298: 265-308. 

Mattox, К. В. & Вор, H. C., 1962. Phycological 
studies 11. The taxonomy of eertain Ulotri- 
сћасеап algae. Univ. Tex. Publ. 6222: 1-66. 

May, V., 1980. Compsopogon coeruleus (Balbis) Mon- 
tagne (Rhodophyta: Erythrotrichiaecae). New 
record of this genus for Australia. Telopea 2: 
142-143, 

MONTAGNE, C., 1846. Phyceae. In Exploration Scien- 
tifique de l'Algerie. Vol 1, J. B. Bory de St- 
Vincent & M. С. Durieu de Maisonneure, eds, 
Imprimerie Royale, Paris, 600 p. 

Mori, M., 1975. Studies on the genus Batrachosper- 
mum in Japan. Jap. J. Bot. 20: 461-484. 

Morison, M. O. & SHEATH, R. G., 1985. Responses to 
desieeation stress by Klebsormidium rivulare 
(Ulotriehales, Chlorophyta) from a Rhode 
Island stream. Phycologia 24: 129-145. 

MROZINSKA, T., 1985. Chlorophyta V1. In Sisswasser- 
flora von Mitteleuropa. Vol. 14, H. Ettl., J. 
Gerloff, H. Heynig & D. Mollenhouer, eds, 
Gustav Fischer Verlag, Stuttgart, 624 p. 

MUELLER-DoMBois, D. & ELLENBERG, H., 1974. Aims 
and Methods of Vegetative Ecology. John 
Wiley, New York, xx + 547 p. 

Nasr, A. H., 1947. Synopsis of the marine algae of the 
Egyptian Red Sea. Bull. Fac. Sci. Fouad 1 Univ. 
26: 1-155. 

Neccul, О. Jr, 1988. Revisão do Género Batrachos- 
permum Roth (Rhodophyta, Batrachosper- 
males) no Brasil. PhD thesis, Universidade 
Estadual! Paulista “Julio de Mesquita Filho”, 
Rio Claro, vi + 333 p. 

NORDSTEDT, O., 1888. Freshwater algae collected by 
Dr S. Berggren in New Zealand and Australia. 
Bih. К. svenska VetenskAkad. Handl. 22: 1-98, 
pls 1-7. 

O'BRIEN, С. E., 1981. The Subtidal Algal Ecology of the 
Gloucester Reserve Reef, Northern Port Phillip 
Bay. MSc thesis, University of Melbourne, x + 
204 p. 

PASCHER, A., 1912. Zur Gliederung der Heterokonten. 
Hedwigia 53: 6-22. 

Prescott, G. W., 1954. How to Know the Freshwater 
Algae. W. C. Brown, Dubuque, lowa, v * 211 


р. 

Prescott, С. W., SiLvA, Н. & WADE, W. E., 1949. 
New or otherwise interesting fresh-water algae 
from North America. Hydrobiologia 2: 84- 
93. 

PRiDMORE, В. D., 1983. The value of biology in the 
management of water quality. In Design of 
Water Quality Surveys: Proceedings of a Sym- 
posium. Hamilton, 17-18 November 1982. 


Water & Soil Miscellancous Publ. No. 63, 
Wellington, 243 p. 

Printz, H., 1964. Die Chactophoralen der Bin- 
nengewüsser: Eine systematische übersicht. 
Hydrobiologia 24: 1-376. 

RABENHORST, L., 1863. Kryptogamen-Flora von 
Sachsen... Vol. 1. Verlag von Eduard Kum- 
mer, Leipzig, xx + 653 p. 

RAMANATHAN, К. R., 1964. Ulotrichales. Indian 
Council of Agricultural Research, New Delhi, 
xi + 188 p. 

RANDHAWA, M. S., 1959. Zygnemaceac. Indian coun- 
eil of Agrieultural Research, New Delhi, 478 


p. 

REINKE, D. C., 1983. Algae collected by Rufus H. 
Thompson. 11. Parallela novae-zelandiae, first 
report from North Ameriea. Tech. Publs St. 
Biol. Survey Kansas 13: 22-23. 

RiPPKA, R., DERUELLES, J., WATERBURY, J. B., HERD- 
MAN, M. & STANIER, R. Y., 1979. Generic 
assignment, strain histories and properties of 
pure cultures of Cyanobacteria. J. gen. Micro- 
biol. 111: 1-61. 

ROSENGREN, N., Froop, D. & Lowe, K., 1983. Sites of 
Environmental Significance. Sites of Geo- 
logical, Geomorphological, Botanical and 
Zoological Significance in the Flood Plain of 
the Upper Yarra River. The Upper Yarra Val- 
ley and Dandenong Ranges Authority, 131 


p. 

Ross, D., (ed.), 1986. Taxon Users' Manual. CSIRO 
Division of Computing Research. 

Котин, A. W., 1797. Bemerkungen über das Studium 
der | Cryptogamischen Wassergewüchse. 
Gebrüdern Hahn, Hannover, 109 p. 

RorH, A. W., 1800. Tentamen Florae Germani- 
cae... Vol. 3(2). 1. G. Müllerian, Leipzig, i-viii, 
103-578. 

SANT'ANNA, C. L., Bicupo, R. M. & Bicupo, C. E. DE 
M., 1979. Record of Parallela (Chloro- 
eoceales, Chlorophyceae) in Brazil. Rickía 8: 
101-104. 

SARMA, P. & CHAPMAN, V. J., 1975. Additions to the 
checklist of freshwater algae in New Zealand. 
П. Л К. Soc. NZ 5: 289-312. 

SCHMIDLE, W., 1902. Notizen zu einigen Süsswasser- 
algen. Hedwigia 41: 150-163. 

SCHMITZ, F., 1896. Kleinere Beiträge zur Kenntnis der 
Florideen. Vl. Nuova Notarisia 7; 1-22. 

SCHRANK, F. von Р., 1783. Botanisehe Rhapsodien. 
Naturforscher Halle 19: 124—126. 

Scorr & FuRPHY (Consulting Engineers), 1972. En- 
vironment Protection Policy, Yarra River and 
Tributories. 2 vols. Privately published, Mel- 
bourne, xi + 161 p., figs and appendices. 

SHEATH, R. G., 1984. The biology of freshwater red 
algae. In Progress in Phycological Research. 
Vol. 3, F. E. Round & D. J. Chapman, eds, 
Biopress, Bristol, 89-158. 

SHEATH, R. G. & BURKHOLDER, J. M., 1983. Mor- 
phometry of Batrachospermum populations 
intermediate between B. boryanum and B. 


74 


ашыш (Rhodophyta). J. Phycol. 19: 324- 
1 


SHEATH, Е. G. & BURKHOLDER, J. М., 1985. Сћагас- 
teristics of soft-water streams in Rhode Island. 
Il. Compostion and seasonal dynamics of 
macroalgal communities. Hydrobiologia 128: 
109-118. 

SHEATH, R. G., BURKHOLDER, J. M., HAMBROOK, J. 
A., HOGELAND, A. M., Hoy, E., KANE, M. E., 
Morison, M. O., STEINMAN, A. D. & 
ALSTYNE, K. L. VAN, 1986. Characteristics of 
softwater streams in Rhode Island. НІ. Distri- 
bution of macrophytic vegetation in a small 
drainage basin. Hydrobiologia 140: 183-191. 

SHEATH, R. С. & HvMES, B. J., 1980. A preliminary 
investigation of thc fresh-water red algae in 
streams of southern Ontario, Canada. Can. J. 
Bot. 58: 1295-1318. 

SHEATH, R. G., Morison, M. O., Korcu, J. E., KACz- 
MARCZYK, D. & COLE, К. M., 1986a. Distri- 
bution of stream macroalgae in south-central 
Alaska. ffydrobiologia 135: 259-269. 

ЗИМА, P. C., 1979. Review of the taxonomic history 
and nomenclature of the yellow-green algae. 
Arch. Protistenk. 121: 20-63. 

ЗИМА, P. C., 1980. Remarks on algal nomenclature. 
VI. Taxon 29: 121-145. 

ЗИМА, P. C., Маттох, K. R. & BLACKWELL, W. H. JR, 
1972. The generic name Hormidium as 
applied to green algae. Taxon 21: 639-645. 

Simons, J., VAN BEEM, A. P. & DE Vries, P. J. R., 
1986. Morphology of the prostrate thallus of 
Stigeoclonium (Chlorophyceae, Chaetophor- 
ales) and its taxonomic implications. Phyco- 
logia 25: 210-220. 

SINCLAIR, С, & WHITTON, В. А., 1977. Influence of 
nitrogen sourcc on morphology of Rivularia- 
сеае (Cyanophyta). J. Phycol. 13: 335-340. 

51корот, S., 1884. Les Batrachospermes Organiz- 
ation, Fonctions, Dévelopement, Classification 
... G. Mason, Paris, v + 229 p, pls 1-50. 

SKUJA, H., 1934, Untersuchungen über die Rho- 
dophyceen des Süsswassers. 5. Nothocladus 
ein neue Gattung der Batrachospermacecn. 
Beih. bot. Zbl. 52B: 179-188. 

SKuJA, H., 1939. Versuch einer systematischen Eintel- 
lung der Bangioideen oder Protofloridcen. 
Acta. Horti bot, Univ. latv. 11-12: 23-38. 

SKuJa, H., 1944. Untersuchungen über die Rhodo- 
phyeeen des Süsswassers. 8. Nothoclodus lin- 
daueri nov. sp. nebst cinigen Bemerkungen 
über die Gattungen Nothocladus Skuja und 
Tuomeya Harvey. Act. Horti. bot. Univ. latv. 
I4: 11-27. 

Smith, С. M., 1950. The Freshwater Algae of USA. 2nd 
edn, McGraw-Hill, New York, 716 p. 

SMITH, J. E., 1791. Introductory discourse on thc rise 
and progress of natural history. Trans. Linn. 
Soc. Lond. 1: 1-55. 

STARMACH, K., 1968. Chlorophyta. HI. Ulotrichales, 
Ulvales. In Flora Slodkowodna Polski. Vol. 10, 
K. Starmach & J. Sieminska, eds, Polska 


TIMOTHY JOHN ENTWISLE 


Akademia Nauk, Instytut Botaniki, Warsaw, 
750 p. А 

SUOMALAINEN, E., 1933. Uber den Einfluss dusserer 
Faktoren auf die Formbildung von Draparnal- 
dia glomerata Agardh. Зиота!. eläin- ja kas- 
vit. seur. van. Julk. [Ann. Bot. Soc. Zool-Bot. 
Fenn. “Vanamo’] 4: iii + 14 p, pls 1-2. 

TAYLOR, F. J., 1975. Comments on Parallela (Chloro- 
phyta). N.Z. JI Bot. 13: 323-324. 

TETT, P., GALLEGOS, C., KELLY, M. G., HORN- 
BERGER, G. M. & Созву, B. J., 1978. Relation- 
ships among substrate, flow and benthic 
microalgal pigment density in the Mechums 
River, Virginia. Limnol. Oceanogr. 23: 785- 
797. 

THURET, M. G., 1850. Recherches sur les zoospores 
dcs algues et les anthéridies des Crytogames. 
Annis Sci. nat., Bot., ser. 3, 14: 214-260, pls 
16-21. 

TIFFANY, L. H., 1930. The Oedogoniaceae. А Mono- 
graph. Published by author, Columbus, Ohio, 
253 p. 

TOMINAGA, Н. & ICHIMURA, S., 1966. Ecological 
studies of the organic matter production in a 
mountain river ecosystem. Bot. Mag., Tokyo 
79: 815-829. 

TRANSEAU, E. N., 1914. New species of green algac. 
Am. J. Bot. 1: 289-301. 

TRANSEAU, E. N., 1951. The Zygnemataceae. Ohio 
State University Press, Columbus, Ohio, 327 


p. 

TscHERMAK-WoEss, E. 1980. Zur Kenntnis von 
Tetrasporopsis fuscescens. Pl. Syst. Evol. 133: 
121-133. м 

UsPENSKAJA, №. Ј., 1930. Uber die Physiologie der 
Ernahrung and die Formen von Draparnaldia 
glomerata Agardh. Z. Bot. 22: 337-393. 

VANDENBERG, A. H. M., 1973. Gcology of the Mel- 
bourne District. In Regional Guide to Victo- 
rian Geology. J. McAndrew & M. A. H. 
Marsden, eds, School of Gcology, University 
of Melbourne, 14-30. 

VICTORIA, ENVIRONMENT PROTECTION AUTHORITY, 
1982. An Assessment of Water Quality in the 
Urban Yarra River Catchment 1976/78. 
Report No. WQ2, vi + 225 p. 

VICTORIA, ENVIRONMENT PROTECTION AUTHORITY, 
1983. Yarra River and Catchment Water Qual- 
ity Data May 1979-April 1981. Publication 
No. 180, viii + 166 p. 

VICTORIA, RURAL WATER COMMISSION, 1985. Bio- 
logical Monitoring of the Yarra River using 
Freshwater Macroinvertebrates. Water and 
materials Science Division, Report No. WQ-1, 
vii * 104 p. 

Watts, H., 1865. On the freshwater algae of Victoria. 
Trans. Proc. R. Soc. Vict. 6: 67-68. 

WATTS, H., 1883. A trip to Mt Macedon in search of 
freshwater algae. Sth. Sci. Rec. 3: 252-253. 

Watts, H., 1887. Some recent additions to our 
knowledge of microscopic natural history. Vic- 
torian Nat. 3: 133-137. 


YARRA RIVER MACROALGAE U2) 


WEST, С. S., 1916. Algae. Vol. 1. Myxophyceae, Peri- 
dineae, Bacillarieae, Chlorophyceae, Together 
with a Brief Summary of the Occurrence and 
Distribution of Freshwater Algae. Cambridge 
University Press, Cambridge, x + 475 p. 

WEST, С. S., 1927. А Treatise on the Freshwater Algae. 
Revised Е.Е. Fritsch. Cambridge Unversity 
Press, Cambridge, xv + 534 p. 

WHITFORD, L. A. & SCHUMACHER, G. J., 1968. Notes 
on the ecology of some species of fresh-water 
algae. Hydrobiologia 32: 225-236. 

WHITTON, B. A., 1970a. Toxicity of zine, copper and 
lead to Chlorophyta from flowing waters. 
Arch. Microbiol. 72: 353-360. 

WHITTON, B. А., 1970b. The biology of Cladophora in 
freshwaters. Wat. Res. 4: 457-476. 

WHITTON, B. А. (ed.), 1984. Ecology of European 
Rivers. Blackwell Seientifie Publications, 
Oxford, xii 644 p. 

WHITTON, B. A., Diaz, В. M. & HoLMzs, N. T. H., 
1979. A computer orientated numerical 
coding system for algae. Br. phycol. J. 14: 353- 
360. 


WILLE, N., 1884. Bidrag til Sydamerikas Algflora. 
1-11. Bih. К. svenska VetenskAkad. Handl. 8: 
1-64, pls 1-3. 

WILLE, N., 1906. Uber cine neue marine Tetraspor- 
acec. Norsk Vidensk. Selsk. Skr. 3: 17-20. 

WILLIAMS, R. J. & AsHTON, D. H., 1987. The compo- 
sition, structure and distribution of heathland 
and grassland communities in the subalpinc 
tract on the Bogong High Plains, Victoria. 
Aust. J, Ecol. 12: 57-72. 

WILLIAMS, W. D., 1980. Biological Monitoring. In An 
Ecological Basis for Water Resource Manage- 
ment, W. D. Williams, ed., Australian 
National University Press, Canberra, 192- 
204. 

WiTTROCK, V. B., 1872. Om Gotlands och Ólands 
sótvattens-alger. Віл. К. svenska VetenskAkad. 
Handl. 1: 1-72. 

WITTROCK, V. B., NoRDSTEDT, O. & LAGERHEIM, G., 
1897. Algae aquae dulcis exsiceatae. Bot. 
Notiser 1897: 75-94. 

WoMERSLEY, Н. B. S., 1984. The Marine Benthic Flora 
of Southern Australia. Part 1. D. J. Woolman, 
Adelaide, 329 p. 


+ + + 
+ 
+ + 
+ 
+ 
+ + ++ 
+ 
+ 
+ + 
++ + + T 
* 
* + + 
+ + 
+ 
+++ + ++ 
++ 
vu Ra ++ + + 
+ 
+ + 
+ 
+ 
ul * 
=l + 
2 
+ + + + 
z ++ 
E + + teet +++ + 
2 + + + ++ + + +++ 
ul * ++ +++ ++ 
2 ++ ++ + ++ 
E + +e ee + + + + 
I +++ + ++ + 
о +++ + + ++ ++ 
© + +++ + ++ ++ + + 
m 
5 ++ +++ + 
> ++ + + 
E 
+ +h + 6 n 9 + + +++ +++ tett ++ + + ++ ++ + ++ 
+ + ce ay 
+ + 
+ tte AB 
+++ + ++ 
+ + +++ ++ ++ tte 
* + + ++ ++ ++ 4 4 + + + 
+ HHH + + +++ 
ТТЕ ++ + + ++ 
о» +++ + + + tet A Rt. 
++ ++ + + + ttn +++ 


9££lS£L 2160 96289121221885Р0 
118829 64766 OL9PHHEETISE 155 
It 1 1 1 І 
(гран) '59113 “105491%4 
*bopeo 27425 гешочојАо5 


(рахти) 12U30 звретооцчзон 


76 


++ 


ett etree 


+++ + + 


++ 


+ + ++ 
+ 
+ + + 
+ 
+ 
+ + + 
+ 
++%% +++ 
+ 
+ 
+ + + + 
+ + + t6 YA. 
* * * ++ 
СЕТТЕ 
++ + ++ 


*ttt&R 6 694. 
+ t + 


FHF tt 9 A. 
+++ tA 


++ 


++ 


tetetete 


BEBIPTZHEBISHLOGS9 O6ŁLSISVELS SB9PEOLOY 8081068150 L9£CLCLS6LVCE L9v6L9SECCZLI vZl68LvEOLG OZELSPE9S 
BBLLLLSHETZZZZZILI LOVHELELLY 0О99999571 1066685181 ObPHEZIL 


11100000892 1066666 


8885555211 
i » 4050104 
wuwnpuo[o2oobpis — шприото 
етдоцопед [edoqdope[3 -osbf3s 


tl 


oebly 
-олрен-ом 


#19] (O1 Рут 10u01o104 


шпаје “dsoyoe2jeg 
v5j5ens Vfiopoils 
unueKiod *dsoqaeiied 

я ‘ds ünyuobopoo 
rpyuueuiaqQ vp[eujgnopny 
PpyAeuode хүлц021ҷо$ 
suapüogds uoudysoaAud3o4 
snyeurbea 5погазоло ту 
SSprofpAPe[[]2S0 Ризедешу 
Pjeupjoun BT AsyoneA, 
*uoijd eriog3neA 
ejeujuab ррдәцопед 
Snu[d гшоџочтај 
aveppouaub42 

('peo1g) oraproaAboagds 
('untpoH) seoplozsAboards 
("рџо15) sraprorAboatds 
suerieA eikboayds 
Pupxeuqns eiAboirdg 
(-реоля) врертодоабпом 
STIRS xT3djoIn 
2500201} PAGISOIOIN 
таетеб spsdododsedijelL 
("2әриәт5) unpuobopag 

v ‘ds unpgüobopoo 
шптрешдајит шптиобороо 
штезејо шпраоБбороб 
"udApboaotq иприојт2о2 144 
suebo[s е1044019243 
штаодеј шптиотооабуј 
Taeuue[ eapdsoaqyay 
(‘2TIday) зеорјодАболт 5 
Snsopou 5прег2оцјом 
P]euoue Ррџодбјеој 
(*buoTa) oeoprpoaAboa[ds 
(*3enbs) seaproasboatds 
“puelTez—-ePAOU рРтәтРДРД 
esoupieriob SYSdoT [leg 
Sigena Prp[euidedeig 
(*peoag) untuobopeo 


әрбтроләғ; STQTSTA ON 


‘dds unjuop2oobry is 
anuay unpuo[oosbr3s 


гаелошојб eioudopeT3 


TTS9T33 хтач3027425 


‘ds ?prioqonvA 
ejesinq ETAXSuonEA 


‘ds оеорецотајотп 
(`рчә1Т5) eraproryoabnoK 
934Je[nAT3 unppiudosqo[x 


үләперирү snpe[2oqi1oN 
unsoüp;e[ob *dsouoeiieu 
(ngpa) unpuobopoo 
wuniAqdojed8x *dsoyoeayeg 
ppyuueujoqd ешәпозА5ѕЅ 


1oqunN 2115 


A3 tunuuo; 


"610128 [PUOSEOS JO Joquinu 


B pu? 4101510 роо 1u2221 BY} Jo uotj?urquioo B uo spuodop поцзојјог JO au эц] 1e 1uosojd Ss?ulotq [210] 91]] 25п 2209 o»uepunqe 
UB} 19U81 ројеогрш sr әдиә$де 20 (+) әзиз$әл 1X2} ut Passnostp sdnosd soroods pue INS Surmoys o qe], Арл\Ол |, xipuoddp 


